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PREFACE 

I WAS picsent on one occasion at a popular lectmc 
delivered in Greenwich, when the lectiuei lefcned 
to the way in which so many English people tiavel 
to the ends of the earth in ordei to see interesting 
or wonderful places and yet entuely neglect places 
of at least equal importance m then own land 
‘Ten minutes walk from this hall/ he said, ‘is 
Gieenwich Observatory, the most famous observatory 
in the world Most of you see it eveiy day of 
your lives and yet I daie say that not one in a 
hundred of you has evei been inside * 

Whether the lecturer was justified in the gcncinl 
scope of his stricture or not, the paiticulai instance 
he selected was certainly unfoitunate It was not 
the fault of the majonty of his audience that they 
had not enteied Greenwich Observatoiy, since the 
leguhtions by which it is goveined foibade them 
doing so These rules aie none too stnngent, foi 
the efficiency of the institution would ceitainly suffu 
if it were made a ‘show’ place, like a pictuie 
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galleiy or museum The work carried on therein 
is too continuous and important to allow of inter- 
ruption by daily streams of sightseers 

To those who may at some time or other visit 
the Observatoiy it may be of interest to have at 
hand a short account of its history, principal instiu 
ments, and work To the far gi eater numbei who 
will nevei be able to enter it, but who yet feel an 
interest in it, I would tiust that this little book 
may prove some sort of a substitute for a peisonal 
visit 

I would wish to take this oppoitunity of thanking 
the Astronomer Royal foi his kind pei mission to 
reproduce some of the astionomical photogiaphs 
taken at the Observatory and to photograph the 
domes and instruments I would also expiess my 
thanks to Miss Aliy for pei mission to reproduce the 
photogiaph of Sir G B Airy, to Mi J Nevil 
Maskelyne, FR AS, foi the poitmt of Di Maske 
lyne, to Mr Bowyer foi piocunng the poi traits of 
Bliss and Pond , to Messrs Edney and Lacey, for 
many photographs of the Royal Obser\atoiy, and * 
to the Editoi of Engineerings foi permission to copy 
two engravings of the Astrographic telescope 
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THE ROYAL OBSERVATORY 

GRFENWICH 


CHAPTER I 

INTRODUCTION 

I HAD parted fiom a friend one day just as he met 
an acquaintance of his to whom I was unknown 
Who is that?’ said the newcomei refening to me 
*My friend replied that I was an astronomer from 
Greenwich Observatory 

‘ Indeed , and what does he do there ? ’ 

This question completely exhausted my friend’s 
information, for as his tastes did not lead him in 
the dnection of astronomy, he had at no time ever 
concerned himself to inquire as to the nature of my 
official duties ‘Oh — ei — why — he obsetves don t 

you know ? and the answer, vague as it was, 
completely slaked the inquirer s thirst for knowledge 
It is not every one who has such exceedingly 
nebulous ideas of an astionomers duties More 
frequently we find that the mquiier has already 
formed a vivid and highly coloured picture of the 
astionomcr at his ‘soul entrancing work’ Resting 
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on a comfortable couch, fixed at a luxurious angle, 
the eye piece of some great and perfect instrument 
brought most conveniently to his eye, there passes 
before him, in grand procession, a sight such as the 
winter nights when clear and frosty, give to the 
oidmaiy gazer but increased ten thousand times in 
beauty brilliance, and wonder by the power of his 
telescope For him Jupiter reveals his wind drifted 
clouds and sunset colours , for him Saturn spreads 
his rings , for him the snows of Mars fall and melt, 
and a thousand lunar plains are ramparted with 
titanic crags , his are the star clusters, where suns 
in their first warm youth swarm thicker than hiving 
bees , his the faint veils of nebulous smoke, the first 
hint of shape in worlds about to be, or, perchance 
the last relics of worlds foi ever dead And beside 
the enjoyment of all this entrancing spectacle of 
celestial beauty, the fortunate astronomer sits at his 
telescope and discovers — always he discovers 

This or something like it, is a very popular 
conception of an astronomers expenences and duty , 
and consequently many, when they are told that 
discoveries’ are not made at Greenwich, aie inclined 
to consider that the Observatory has failed in its 
purpose An astronomer without * discoveries to 
his record is like an angler who casts all day and 
comes home without fish — obviously an idle or in 
competent person 

Again, it is considered that astronomy is a most 
transcendental science It deals with infinite distances, 
with numbers beyond all power of human intellect 
to appreciate, and therefore it is supposed, on the 
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one hand, that it is a most elevating study, keeping 
the mind continually on the stietch of ecstasy, and, 
on the othei hand, that it is utterly removed from all 
connection with piactical, everyday, ordinaiy life 

These ideas as to the Royal Observatory, or ideas 
like them, aie very widely current, and they are, in 
every respect, exactly and wholly wrong First of 
all, Greenwich Observatory was originally founded, 
and has been maintained to the piesent day, foi a 
strictly practical puipose Next instead of leading 
a life of dreamy ecstasy or transcendental speculation, 
the astronomer has, perhaps, more than any man, to 
give the keenest attention to minute practical details 
His life, on the one side, approximates to that of the 
engineer, on the other, to that of the accountant 
Thirdly, the professional astronomei has hardly any 
thing to do with the show places of the sky It is 
quite possible that there aie many people whose sole 
opportunity of looking thiough a telescope is the 
penny peep thiough the instrument of some itinerant 
showman, who may have seen more of these than 
an active astronomer in a lifetime , while as to 4 dis- 
coveries/ these lie no moie within the scope of our 
national observatoiy than do geographical discovencs 
within that of the captain and officeis of an ocean liner 

If it is not to affoid the astionomei beautiful 
spectacles, nor to enable him to make thiillmg 
discovenes, what is the purpose of Gicenwich Ob- 
servatory ? 

First and foremost, it is to assist navigation The 
ease and certainty with which to day thousands of 
miles of ocean are navigated have ceased to excite 
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any wonder We do not even think about it We 
go down to the docks and see, it may be, one steamer 
bound for Halifax, another for New York, a thud for 
Charleston, a fourth for the West Indies, a fifth for 
Rio de Janeiro , and we unhesitatingly go on board 
the one bound for our chosen destination, without 
the faintest misgiving as to its direction We have 
no more doubt about the mattei than we have m 
choosing our train at a railway station Yet, whilst 
the tram is obliged to follow a narrow track already 
laid for it, from which it cannot swerve an inch, the 
steamer goes foith to traverse for many days an 
ocean without a single fixed mark or indication of 
direction , and it is exposed, moreover, to the full 
force of winds and currents which may turn it from 
its desired path 

But for this facility of navigation Great Britain 
could never have obtained hei present commercial 
position and world wide empire 

For the Lord out God most High 
He hath made the deep as diy 
lie has smote foi us a pathway 
To the ends of all the eaith 

Part of this facility is, of coutse due to the inven 
tion of the steam engine but much less than is 
generally supposed Even yet the clippeis, with 
then roods of white canvas aic not entirely supei 
seded , and if we could conceive of all steamships 
being suddenly annihilated eie long the sailing 
vessels would again, as of yoie prove the 

Swift shuttle of in empnc s loom, 

That weave us m un to m un 
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But with the art of navigation thrust back into 
its condition of a hundred and fifty years ago, it is 
doubtful whether a sufficient tide of commerce could 
be earned on to keep oui home population supplied, 
or to maintain a sufficiently close political connection 
between these islands and our colonies 

Navigation was in a most primitive condition even 
as late as the middle of last century Then the 
method of finding a ship’s longitude at sea was the 
insufficient one of dead reckoning In othei words, 
the direction and speed of the ship were estimated 
as closely as possible, and so the position was earned 
on from day to day The uncertainty of the method 
was very great, and many terrible stones might be 
told of the disastrous consequences which might, and 
often did, follow in the tram of this method by 
guess work It will be sufficient, however, to cite 
the instance of Commodore Anson He wanted to 
make the island of Juan Fernandez, where he hoped 
to obtain fiesh water and provisions, and to recruit 
his crew, many of whom weic suffering from that 
scourge of old time navigatois — scuivy He got 
into its latitude easily enough, and ran eastward, 
believing himself to be west of the island He was, 
however, really east of it and therefoic made the 
mainland of America He had therefoic to turn 
round and sail westwards, losing many days, during 
which the scurvy increased upon his crew, many of 
whom died from the tcinble disease befoie he 
reached the desired island 

The necessity for finding out a ship’s place when 
at sea had not been very keenly felt until the end 

B 
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of the fifteenth century It was always possible for 
the sailor to ascertain his latitude pretty closely, 
either by observing the height of the pole star at 
night or the height of the sun at noonday , and so 
long as voyages were chiefly confined to the Medi 
terranean Sea, and the navigators were content for 
the most part to coast from point to point, rarely 
losing sight of land, the urgency of solving the 
second pioblem— the longitude of the ship— was not 
so 1 eenly felt But immediately the discoveries of 
the gieat Portuguese and Spanish navigators brought 
a wider, bolder navigation into vogue, it became a 
matter of the first necessity 

To take, for example, the immortal voyage of 
Christopher Columbus His purpose in setting out 
into the west was to discover a new way to India 
The Venetians and Genoese practically possessed 
the overland route across the Isthmus of Suez and 
down the Red Sea Vasco da Gama had opened 
out the route eastwaid round the Cape Fnmly 
convinced that the world was a globe, Columbus saw 
that a third route was possible, namely, one nearly 
due west, and when, therefore he leached the 
Bahamas after traversing some 66 ° of longitude he 
believed that he was in the islands of the China Sea, 
some 230 ° from Spain Those who followed him 
still laboured under the same impression, and when 
they reached the mainland of America, believed that 
they were close to the shores of India, which was 
still distant from them by half the circumference of 
the globe 

Little by little the intrepid sailors of the sixteenth 
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century forced their way to a true knowledge of the 
size of the globe, and of the relative position of the 
gieat continents But this knowledge was only 
attained after many disasteis and ternble miseries, 
and though a new kind of navigation was established — 
the navigation of the open ocean, far away fiom any 
possible landmaik, a navigation as different as could 
be conceived from the old method of coasting — yet it 
remained terribly risky and uncertain throughout the 
sixteenth century Therefore many mathematicians 
endeavoured to solve the pioblem of determining the 
position of a ship when at sea Their suggestions, 
however remained entuely fruitless at the time, 
though in several instances they stiuck upon pnnci 
pies which are being employed at the piesent day 
The fust country to profit by the discoveiy of 
America was Spain, and hence Spain was the first 
to feel keenly the pinch of the pioblem In 1598 
therefoie, Philip III offered a pri/c of 100,000 
crowns to any one who would devise a method by 
which a captain of a vessel could determine his 
position when out of sight of land Holland, which 
had recently staited on its nation ll existence, and 
which was challenging the colonial empue of Spain, 
followed very shortly after with the offer of a leward 
of 30000 florins Not veiy long after the offer of 
these rewards, a master mind did woik out a simple 
method for determining the longitude, a method 
theoretically complete, though practically it piovcd 
inapplicable This was Galileo, who, with lus newly 
invented telescope, had discovered that Jupitu was 
attended by four satellites 
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At first sight such a discovery, however interest- 
ing would seem to have not the slightest bearing 
upon the sailor's craft or upon the commercial 
p ogress of one nation 01 another But Galileo 

ns«Ifni y Saff T ? Jt the P10mise of g re at practical 
usefulness The question of the determination of 

e p ace o a ship when in the open ocean really 
resolved itself into this How could the navigatoi 
ascertain at any time what was the true time, say at 
the port fiom which he sailed ? As alieady pointed 
out, it was possible, by observing the height of the 
sun at noon, or of the pole star at night, to infei the 
^ 6 ? f the Shlp The JoHgPtude was the point 
° u lffiC , U I ty Now the Ion gitude may be expressed 
as the difference between the local time of the place 
of observation and the local time at the place chosen 
as the standard meridian The sailor could, indeed, 
obtain his own local time by obseivations of the 
eig t of the sun The sun leached its greatest 
eight at local noon and a number of observations 
before and aftei noon would enable him to determine 
this with sufficient nicety 

But how was he to determine when he, perhaps, 
was half way across the Atlantic, what was the local 
time at Genoa, Cadiz, Lisbon, Bristol or Amsterdam, 
or whatever was the port from which he sailed? 
Galileo thought out a way by which the satellites of 
Jupiter could give him this information 

For as they circle round their primary, they 
pass in turn into its shadow, and are eclipsed by it 
It needed then, only that the satellites should be 
so carefully watched, that their motions, and, 
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consequently, the times of their eclipses could be 
foietold It would follow, then that if the mariner 
had in his almanac the local time of the standard city 
at which a given satellite would enter into eclipse, 
and he were able to note from the deck of his vessel 
the disappearance of the tiny point he would asccr 
tain the difference between the local times of the two 
places, or, in other words, the difference of their 
longitudes 

The plan was simplicity itself, but there were 
difficulties in cairymg it out, the greatest being the 
impossibility of satisfactorily making telescopic 
observations from the moving deck of a ship at sea 
Nor were the observations sufficiently sharp to be of 
much help The entiy of a satellite into the shadow 
of Jupiter is in most cases a somewhat slow process 
and the moment of complete disappearance would 
vary according to the size of the telescope, the keen 
ness of the observer’s sight, and the tianspaiency of 
the an 

As the power and commerce of Spain declined, 
two othei nations enteicd into the contest foi the 
sovereignty of the seas, and with that sovereignty 
piedominance in the New Woilcl of America— France 
and England The problem of the longitude at sea, 
or, as already pointed out, what amounts to the same 
thing, the problem how to determine when at sea 
the local time at some standaid place, became, in 
consequence, of gi eater necessity to them 

The standard time would be easily known, if a 
thoroughly good chronometer which did not change 
its rate, and which was set to the standard tune befoic 
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stuting- was carried on boaid the ship This plan 
had been proposed by Gemma Trisius as early as 
1526 but at the time was a mere suggestion, as there 
wue no clnonometcrs or watches sufficiently good 
foi the pui pose Theie was, however another method 
of ascci taming the standard time The moon moves 
pretty quickly amongst the stars, and at the piesent 
tunc, when its motions are well known, it is possible 
to chaw up a table of its distances from a number 
of given stais at definite times for long periods in 
advance This is actually done to day in the Nautical 
Almanac the moon s distance from certain stars 
being given for every three hours of Greenwich time 
It is possible, then, by measunng these distances 
ind making as in the case of the latitude certain 
collections, to find out the time at Greenwich In 
shoit, the whole sky may be consideied as a vast 
clock set to Greenwich time the stars being the 
numbers on the dial fact and the moon the hand 
(for this clock has only one hand) moving amongst 
them 

The local appuent time— that is, the time at the 
place at which the ship itself was — is a simpler matter 
It is noon at any place when the sun is due south- 
er, as wc may put it a little differently, when it 
culminates — that is, when it leaches its highest point 

To find the longitude at sea, therefore, it was 
necessary to be able to pi edict precisely the apparent 
position of the moon in the sky for any time throughout 
the entire yeai, and it was also necessary that the 
places of the stars themselves should be veiy accuiately 
known It was thcieforc to gather the materials for 
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a bettei knowledge of the motions of the moon and 
the position of the stars that Gieenwich Obseivatory 
was founded, whilst the Nautical Alumnae was 
instituted to convey this infoimation to mariners in 
a convenient form 

This pioposal was actually made in the reign of 
Charles II by a Frenchman, Le Sicui de Saint 
Pierre, who having secured an mtioduction to the 
Duchess of Portsmouth, endeavoured to obtain a 
reward foi his scheme It would appear that he had 
simply bon owed the idea fiom a book which an 
eminent Tiench mathematician brought out foity 
years befoie, without having himself any real know 
ledge of the subject But when the matter was 
biought before the king’s notice he dcsiicd some 
of the leading scientific men of the day to lcpoit 
upon its practicability, and the Rev John Plamsteed 
was the man selected foi the task He reported that 
the scheme in itself was a good one, but impiacticabic 
in the then state of science The king, who, in spite 
of the evil lcputation which he has eained foi himself 
took a real intei cst in science was staitlcd when this 
was repoitcd to him, and commanded the man who 
had drawn his attention to these deficiencies ‘to 
apply himself,’ as the king’s astronomei, with the 
most exact care and diligence to the Rectifying the 
Tables of the Motions of the Heavens and the Places 
of the Fixed Stais, in older to find out the so much 
desired Longitude at Sea, foi the perfecting the Ait 
of Navigation ’ 

This man, the Rev John Flamsteed, was accoid 
ingly appointed fiist Astronomer Royal at the meagic 
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hlZf 1 year WlA fuU P ermissi0n to prov.de 
himself with the instruments he might require, at his 

own expense He followed out the task assigned 
o him with extreme devotion, amidst many difficulties 
and annoyances, until his death in 1719 He has 
been succeeded by seven Astronomers Royal each 
of whom has made it his first object to carry out 
the original scheme of the institution , and the chief 
purpose of Greenwich Obseivatory to day, as when 
it was founded in 1675 is to observe the motions 
o the sun, moon, and planets, and to issue accurate 
star catalogues 


It will be seen, theiefore, that the establishment 
of Greenwich Observatory aiose from the actual 
necessity of the nation It was an essential step m 
its pi ogress towards its piesent position as the first 
commercial nation No thoughts of abstiact science 
were in the minds of its founders , theie was no 
desire to watch the cloud changes on Jupiter, or to 
find out what Sinus was made of The Observatory 
was founded for the benefit of the Royal Navy and 
of thegeneial commerce of the realm, and m essence 
that which was the sole object of its foundation at 
the beginning has continued to be its first object 
down to the piesent time 

It was impossible that the work of the Obseivatoiy 
should be always confined within the above limits, 
and it will be my purpose, in the pages which follow’ 
to describe when and how the chief expansions of its 
piogramme have taken place But assistance to 
navigation is now, and has always been the dominant 
note in its management 



CHAPTER II 


I LAMSTEED 

TOR the first century of its existence the lives of its 
Astionomers Royal formed practically the history 
of the Royal Observatory During this period the 
Observatory was itself so small that the Astronomer 
Royal, with a single assistant, sufficed for the entire 
work Fveiything, therefore, depended upon the 
ability, eneigy, and charactei of the actual director 
There was no large organized staff, established 
routine or official tradition, to keep the institution 
moving on certain lines irrespective of the personal 
qualities of the chief It was specially fortunate, 
theiefore, that the first four Astronomers Royal, 
Flamsteed, Halley, Bradley, and Maskelyne (for Bliss 
the immediate successor of Bradley, reigned foi so 
short a time that he may be practically left out of the 
count), were all men of the most conspicuous ability 
It will be convenient to divide the history of the 
fiist seven Astronomeis Royal into three sections 
In the first, we have the foundei, John Flamsteed, a 
pathetic and inteiesting figure, whom we seem to 
know with especial clearness, from the fulness of the 
memorials which he has left to us He was succeeded 
by the man who was, indeed, best fitted to succeed 

25 
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him, but whom he most hated The second to the 
sixth Astronomers Royal formed what we might 
almost speak of as a dynasty each in turn nominating 
his successor, who had entered into mote 01 less 
close connection with the Obseivatory during the 
lifetime of the previous directoi and the lives of 
these five may well foim the second section The 
line was interrupted after the resignation of the sixth 
Astionomer Royal, and the third section will be 
devoted to the seventh director Any under whom 
the Observatory enteied upon its modern penod of 
expansion 


‘Cod suffers not man to be idle, although he swim in 
the midst of delights foi when He had placed His own 
image (Adam) in a paiadise so leplemshed (of His good 
ness) with vai leties of all things, conducing as well to his 
pleasuie as sustenance, that the eaith produced of itself 
things convenient for both, -He yet (to keep him out of 
idleness) commands lum to till piuue and diess his 
pleasant, verdant habitation and to add (if it might be) 
some lustre giace, 01 convemency to that place, which as 
well as he, derived its ongiml fiom his Cieator 


In these words John Flamsteed begins the fiist 
of several autobiographies which he has handed down 
to us , this particular one being written before he 
attained his majority, ' to keep myself from idleness 
and to recreate myself’ 


I was bom ’ he goes on, ‘ at Denby, in Deibyshne, in 
the year 1646, on the 19th day of August at 7 houis 16 
minutes after noon My fathei named Stephen, was the 
thud son of Mr William riamsteed, of Little Hallarn my 
mother, Maiy was the daughtei of Mi John Spateman, of 
Deiby, ironmonger Fiona these two I derived my begin 
ning whose paients weie of 1 nown mtegnty honesty and 
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fortune, as they [were] of equal exti action and ingenuity 
betwixt whom I [was] tenderly educated (by reason of my 
natuial weakness, which lequned moie than ordinal y caie) 
till I was aged three years and a foitmght when my 
mother departed, leaving my father a daughter then not 
a month old with me, then werl , to his fatherly caie and 
piovision 

The weakly, motherless boy became at an early 
age a voracious reader At first he says 

£ I began to affect the volubility and ranting stories of 
lomances and at twelve yeais of age I first left off the 
wild ones and betook myself to lead the better sort of 
them, which, though they were not piobable, yet cairiccl no 
seeming impossibility m the fiction Afterwaids, as my 
leason mci eased, I gatheied othei real histones and by 
the time I was fifteen yeais old I had read, of the ancients, 
Plutarch’s Lives, Appian s and Tacitus s Roman Histones , 
Holingshcd s History of the kin ^ of 1 upland Daviess 
Life ofQiuen J hzabeth , Saundcrson s of Rim, C/ia ? U s the 
Iv U Heyhngs (jrto^i afihy, and many others ofthemodeins 
besides a company of lommccs and other stones, of which 
I scai ce 1 emembei a tenth at piesent 

Flamsteed received his education at the free school 
at Derby, where he continued until the Whitsuntide 
of 1662, when he was nearly sixteen years of age 
Two years earlier than this, howcvei, a gicat mis 
foitune fell upon him 

4 At foui teen years of age,’ he wntes , 4 when I w is ncaily 
irnved to be the head of the free school, [I was] visited 
with a fit of sickness that was followed with a consumption 
and othei distempeis, which yet did not so much hmdu me 
m my learning, but that I still kept my station till the foim 
bioke up, ind some of my fellows went to the Umveisitics 
for which, though I was designed, my fithei thought it 
not advisable to send me, by leason of my distem pci 
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This was a keen disappointment to him but 
seems to have really been the means of determining 
i Career The Slckl y- suffering boy could not bf 
*: °" g , ad 7 s short rea dmg caused so violent 
s , h n ada f S ’ and a month °r two after he had left 
£ f’ he had a book lent to him— Sacioboscos 
D Spkcera m Latin-which was the beginning of 
his mathematical studies A partial eclipse of the 
sun in September of the same year seems to have 
first drawn hrs attention to astronomical observation, 
and during the winter his father, who had himself a 

strong passion for arithmetic, instructed him in that 
science 

It was astonishing how quickly his appetite for 
his new subjects grew The Art of Dialling the 
calculation of tables of the suns altitudes foi all 

cZr * /’ and f ° r dlfferent latltudes ^d the 

(instruction of a quadrant—' of which I was not 

oTd£° yfUl - Were the 0CCU P atlons of this winter 

friends ^ ^ ac( l u aintanceship of two 

L lchld Lma “ e “ d Mr W,U,am 

Litchford, the former of whom taught him to 

recogu 12e many of the fixed stars, whilft theTatter 

the mot,r an f 1 hlS lntroductlon t0 a knowledge of 
the motions of the planets 

came on and'thrusf^^^ ei ^ hteen yeais > when the wmtei 

the heat* andtlryness oTthTul'T 

once before withdrawn me P S S “ mmer had ha PP ]1 y 

‘forTh 2 ^ odowin ^ y ear 1 ^5, was memorable to him 
for the appearance of the comet, and for a journey 
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which he made to Ireland to be ‘stroked’ for his 
rheumatic disorder by Valentine Greatrackes, a kind 
of mesmenst, who had the repute of effecting wonderful 
cures The journey, of which he gives a full and 
vivid account, occupied a month , but though he was 
a little better, the following winter brought him no 
permanent benefit 

But, ill or well, he piessed on his astronomical 
studies A large partial eclipse of the sun was due 
the following June , he computed the paiticulars of it 
for Derby, and observed the eclipse itself to the best 
of his ability He argued out foi himself ‘the 
equation of time ’ , the difference, that is, between 
time as given by the actual sun, or ‘appaient time,’ 
and that given by a perfect clock, or ‘ mean time ’ 
He drew up a catalogue of seventy stars, computing 
their light ascensions, declinations, longitudes, and 
latitudes foi theyeai 1701 , he attempted to detci mine 
the inclination of the ecliptic, the mean length of the 
tropical yeai and the actual distance of the eaith 
from the sun And these were the leci cations of a 
sickl}, suffering young man, not yet twenty one years 
of age, and who had only begun the study of 
authmetic, such as fractions and the lule of three, 
four years previously ! 

His next attempt was almanac making, in the 
which he improved considerably upon those current 
at the time His almanac foi 1670 was rejected, 
however and returned to him, and, not to lose his 
whole laboui, he sent his calculations of an eclipse of 
the sun, and of five occupations of stars by the moon, 
which he had undei taken for the almanac, to the 
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Royal Society He sent the paper anonymously or, 
rather, signed it with an anagram ‘ In mathesi a sole 
fundes, for ‘Johannes Flamsteedius His covering 
letter ends thus — s 


excuse i pray >ou, this juvenile heat for the concerns 
of science and want of better language from one who from 
the sixteenth yeai of his age to this instant, hath only 
served one bare apprenticeship m these arts, under the dis 
couragement of friends the want of health and all other 
instructors except his better genius 


This letter was dated November 4 1669 and on 
January 14 Mr Oldenburg, the secretary of the 
Society, replied to him in a letter which the young 
man cannot but have felt encouraging and flattering 
to the highest degiee & 


Thou h you did what you could to hide your name fiom 
ns, he writes yet youi ingenious and useful labours for 
the advancement of Astronomy addressed to the noble 
President of the Royal Society and some others of tat 
illustrious body did soon discover you to us, upon our 
solicitous inquiries after their worthy author > P 

And after congratulating him upon his skill, and 
encouraging him to furnish further similar papers 
he signs himself ‘ Your very affectionate friend and 
real sen ant —no unmeaning phrase, for the friendship 
then commenced ceased only with Oldenbuigs life 
he following June, his father, pleased with the 
notice that some of the leading scientific men of the 
day were taking of his son, sent him up to London 
that he might be personally acquainted with them ’ 
and he then was introduced to Sir Jonas Moore, the 
Surveyor of the Ordnance, who made him a present 
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of Townley s micrometer and piomised to furnish him 
with object glasses for telescopes at moderate rates 
On his return journey he called at Cambridge, 
where he visited Dr Barrow and Newton, ara 
entered his name m Jesus College 

It was not until the following year 1671, that he 
was enabled to complete his own obseivatoiy, as he 
had had to wait long for the lenses which Sir Jonas 
Moore and Collins had promised to procure foi him 
He still laboured undei several difficulties, in that he 
had no good means for measuring time pendulum 
clocks not then being common He, theiefore, with 
a practical good sense which was characteristic, 
refrained from attempting anything which lay out of 
his power to do well and he devoted himself to such 
observations as did not require any very accurate 
knowledge of the time At the same time, he was 
careful to ascertain the time of his obseivations as 
closely as possible by taking the altitudes of the stars 
The next four years seem to have passed 
exceedingly pleasantly to him The notes of ill 
health aic few He was making rapid progress in 
his acquaintanceship with the woik of other astrono 
mcrs, particularly with those of the three marvellously 
gifted young men — Hoirox, Crabtree, and Gascoigne 
— who had passed away shoitly before his own 
birth He was making new friends in scientific 
circles, and, in particular Sir Jonas Moore was evi- 
dently esteeming him more and more highly In 
1674 he became more intimate with Newton, the 
occasion which led to this acquaintanceship being 
the amusing one, that his assistance was asked by 
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Newton, who had found himself unable to adjust a 
microscope, having forgotten its object-glass — not 
the only instance of the great mathematician’s 
absent mindedness 

The same year he took his degree of A M at 
Cambridge, designing to enter the Church , but Su 
Jonas Moore was extremely anxious to give him 
official charge of an observatory, and was urging the 
Royal Society to build an astronomical observatory 
at Chelsea College, which then belonged to that body 
He therefore came up to London and resided some 
months with Sir Jonas Moore at the Tower But 
shortly after his coming up to London, ‘ an accident 
happened,’ to use his own expression, that hastened, 
if it did not occasion, the building of Greenwich 
Observatory 

1 A Frenchman that called himself Le Sieur de St Pieri e 
having some small skill in astronomy, and made an interest 
with a French lady, then in favour at Court, pioposed no 
less than the discovery of the I ongitude, and had procuied 
a kind of Commission from the King to theLoid Biounckei, 
Dr Ward (Bishop of Salisbury) Sir Christopher Wren, Su 
Charles Scarborough, Sir Jonas Mooie, Colonel Titus, Di 
Pell, Sir Robert Murray, Mr Hook, and some other m 
gemous gentlemen about the town and Couit, to receive his 
proposals, with power to elect, and to leceive into then 
number, any other skilful persons and having heaid them, 
to give the King an account of them, with their opinion 
whether or no they were practicable, and would show what 
he pretended Sir Jonas Moore cained me with him to one 
of their meetings, where I was chosen into then number 
and, after, the Frenchman’s proposals were read, which weie 
( (D To have the year and day of the observations 

(2) The height of two stars, and on which side of the 
meridian they appeared 
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(3) The height of the moon s two limbs 

(4) The height of the pole — all to electees and minutes 
It was eisy to paten e, fiom these clem mds, that the 

sieur understood not that the best lunai tables diffeiecl from 
the heavens and that theicfoie, his demands weie not 
sufhcicnt for detei mining the longitude of the pi ice wheie 
such obseivitions were, 01 should be made, fiom that to 
which the lunu tables wae fitted, which I icpiesentcd lm 
medntely to the company But tlie>, considenn 0 the 
inteiests of lus pationess at Couit, desned to hive him 
fiumshed iccoidin^ to his clem mds Iundeitookit and 
hiving g lined the moons tiuc pi ice by observitions made 
it Deiby Iebruaiy 3, 1672 and Novemba 12 1673, ^ ive 
him obsavitions such is he demanded 1 he half skilled 
man did not tlunl they could have been rt iven him ind 
cunningly mswered ' Uuy wm fu^nul I deliveied them 
to Dr Pell 1 ebruaiy 19 1674-5, who ietuinin to me Ins 
answer sometime iftei, I wiote 1 lettci in Inglish to the 
eommissioncis and another 111 Latin to the sieui to issuie 
him they weic not feigned, and to show them thit, if they 
had been, yet if we hid istionomical tables that would give 
us the two pi ices of the h\ed stu incl the moons tiue 
places, both m longitude md latitude, neatei thin to h ilf 
a minute we mi G ht hope to find the longitude of pi ices by 
lunai obscivations, but not by such is he demanded But 
that we were so far from hiving the places of the fixed stais 
tiue, thit the Tychomc C italo to ucs often cried ten minutes 
or moie th it they weie uncut 1111 to thiee 01 foui minutes, 
byieison that lyeho assumed a fiulty obliquity of the 
ecliptic, and had employed only pi un sights in his obser 
vitions and that the best lunar tables cliffei one quaitcr, 
if not one third, of 1 degiee fiom the hcivcns, and 1 istly, 
that he might lnvc learnt better methods thin he pio 
posed, fiom lus countiyman Moim whom he hid best 
consult befoie he m icle any moie clem mds of this natuic 3 

This was in effect to tell St Piciic that lus 
pioposal was ncithet ongtnal not piacticable If 
St Pierre had but consulted Monns wutings (Monn 

t 
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himself had died moie than eighteen years before), 
he would have known that piactically the same 
pioposal had been laid before Cardinal Richelieu 
in 1634, an( 3 had been rejected, as quite impracticable 
in the then state of astronomical knowledge Possibly 
Flamsteed meant further to intimate that St Pierre 
had simply stolen his method from Morin hoping to 
trade it off upon the government of another country , 
in which case he would no doubt regard Flamsteed s 
letter as a warning that he had been found out 
Flamsteed continues — 

‘ I heaid no moie of the Frenchman after this but was 
told that my letters being shown King Chailes, he startled 
at the asset tion of the fixed stars’ places being f ilse in the 
catalogue said, with some vehemence, “He must have 
them anew observed, examined, and collected, for the use 
of his seamen ” and fuithei (when it was uiged to him how 
necessary it was to have a good stock of observations t il en 
for correcting the motions of the moon and planets), with 
the same earnestness, “he must have it done ’ And when 
he was asked Who could, 01 who should do it? “The 
person (says he) that informs you of them ’ Wheieupon 
I was appointed to it with the incompetent allowance afoie 
mentioned but with assurances, at the same time, of such 
further additions as theieafter should be found lequisite foi 
carrying on the work 

Thus, in his twenty ninth year, John Flamsteed 
became the first Astronomer Royal In many ways 
he was an ideal man for the post In the twelve 
years which had passed since he left school he had 
accomplished an amazing amount of work Despite 
his constant ill health and severe sufferings, and the 
circumstance — which may be inferred from many 
expressions in his autobiographies —that he assisted 
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his father in his business he had made himself master 
pel haps moie thoioughly than any of his contcm 
poraries, of the entire work of a practical astronomer 
as it was then undeistood He was an indefatigable 
computei , the calculation of tables of the motions of 
the moon and planets, which should as faithfully as 
possible represent then observed positions, had had 
an especial attraction for him, and, as has been 
already mentioned, some years befoie his appoint- 
ment he had drawn up a catalogue of stars, based 
upon the observations of Tycho Biahc More than 
that, he had not been a merely theoretical worker 
he had been a piactical observer of veiy considerable 
skill and, in the dearth of suitable instiuments, had 
already made one 01 two foi himself, and had con- 
templated the making of otheis In his fust lcttci 
to Sir Jonas Moore he asks foi instruction as to the 
making of object glasses foi telescopes, foi he was 
quite prepaied to set about the task of making his own 
In addition to his tireless industiy, which nuther ill 
ness noi suffering could abate, he was a man of sin 
gulaily exact and business like habits The piccision 
with winch he picscives and rccoids the dates of all 
letteis received or sent is an lllustiation of this On 
the othci hand lie had the defects of his cncum 
stances and charactci His numerous autobiogiaphical 
sketches betiay him not indeed as a conceited man, in 
the oidmaiy sense of the woid, but as an exceedingly 
self conscious one Devout and high pnnciplcd lie 
most assuredly was, but, on the othci hind he shows 
in almost evciy line he wrote that he was one who 
could not brook anything like criticism or opposition 
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Such a man, howevci efficient, was little likely to be 
happy a-s the fiist incumbent of a new and important 
government post , but theic was anothei circumstance 
which was destined to cause him greater unhappiness 
still 

If wc believe, as suiely we must, that not only 
the moral and the physical progicss of mankind is 
witched ovei and conti oiled by Gods good Provi 
denee, but its intellectual progress as well, then thcie 
can be no doubt that John riamstced was raised 
up at this paiticular time, not merely to found 
Greenwich Obseivatoiy, and to assist the solution 
of the pioblcm of the longitude at sea, but also, and 
chiefly, to become the auxiliary to a fai greater mind, 
the journeyman to a true master buildei But for the 
founding of Giecnwich Obseivatoiy, and for John 
Flamsteeds observations made therein the working 
out of Newton s giand thcoiy of gravitation must 
have been hmdcicd, and its acceptance by the men of 
science of his time immensely delayed Wc cannot 
rtgaid as accidental the combination so foitunatc foi 
us, of Newton, the gicat world-genius to woik out the 
pioblcm, of Flamsteed the painstaking obseivci, to 
supply him with the matcnals foi his work, and of 
the newly founded institution Giecnwich Obscrvatoiy, 
whcic hi imsteed was able to gathci those matcnals 
togcthci This is the tiuc debt that we owe to Flam- 
steed, that, little as he understood the position in 
which he had been pi iced fiom the standpoint fiom 
which wc sec it to day, yet, to the extent of his ability, 
and as fu as he conceived it in accoi dance with his 
duty, he gave Newton such assistance as he could 
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This is how we see the matter to day It wore 
a very different aspect in Flamsteed's eyes, and the 
two following documents, the one the warrant found 
ing the Observatory and making him Astronomer 
Royal , the other, the warrant granting him a salaiy, 
will go far to explain his position in the matter Fie 
had a high-sounding official position, which could 
not fail to impress him with a sense of importance , 
whilst his salaiy wis so insufficient that he natuially 
leguded himself as absolute ownei of his own 
woih 


* Wan ant for iJu Payment of Mr Flaimhedh Salaiy 
‘ Chalks Rex 

1 Wheicis, we have appointed om tiusty oncl well beloved 
John Flamsteed Mastei of Arts, om astronomical 
obsei vitoi , foi thwith to apply lumsclf with the most exact 
cnie and diligence to the i ectifying the tables of the motions 
of the heavens, ind the places of the fixed stais, so as to 
find out the so much desired longitude of places foi the 
pcifcctmg the ait of navigation, Oui will and plcasuie is, 
mcl wc do heicby require and nuthouse you, foi the support 
ind maintenance of the said John Flamsteed of whose 
abilities in astionomy we have very good testimony, and 
ait well satisfied, that fiom time to time you pay, oi cause 
to be paid, unto him, the said John Flamsteed, oi his 
assigns, the yearly salaiy oi allowance of one bundled 
pounds pci annum the same to be charged and borne 
upon the qnartci books of the Office of the Ot finance, and 
pud to him quai teily, by even and equal portions, by the 
lieasuiei of oui said office, the fust quaitei to begin and 
be accompted fiom the feast of St Michael the Ai changed 
last past and so to continue dining om pleasure And foi 
so doing, this shall be as well unto you, as to the Auchtois 
of the Ixchcquei, foi allowing the same, and all othci om 
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oificeis md mmisteis whom it may concern, a full and 
sufhcicnt wan ant 

4 ( n cn at oui Com! at Whitehall, the 4th day of March, 
1674-5 

c By his Majesty’s Command, 

* J Williamson 

{ To om ugh! tiusty and well beloved Counsellor 
Sn Ihomas Chichel), Knt , Mastei of our 
Oidnince, and to the Lieutenant General of our 
Oulnance, and to the rest of the Officeis of om 
Oidnance now and foi the time being, and to all 
and cvuy of them 


£ IVananf Jin h mid in ^ the Obsa vato?} 

‘ Chailcs Rex 

Whucas in oiclu to the finding out of the longitude of 
pi ices foi pufectmg navigation and astionomy, we have 
usohed to builcl a small obseivatoiy within our park at 
( t cumuli upon the lushest ground at or near the place 
v lie ic the C istlc stood with lodgm & 100ms for our 
istionomu il obsen itoi and assistant, Oui will and pleasuie 
is, th it i< uncling to such plot and design as shall be given 
>ou 1 >> oui tuist> and well beloved Su Chnstophei Wien, 
Knight, om suncyoi 0 cneial of the place and scite of the 
s ml c bsuvitoi} >ou c uise the same to be fenced in, built 
m<l limshed with ill convenient speed, by such artificers 
uid w oil men is >011 shill appoint tlieicto and that you 
^ivi 01 du unto 0111 Iicisuier of the Oulnance for the 
p i>m^ of such m itcnals and woil men as shall be used and 
unplo>ul thuun, out of such monies as shall come to youi 
li inds for old mti deciyed powdei, which hath 01 shall be 
sold by oui oiclu ol the 1st of J inuaiy last piovided that 
the whole sum, so to be expended 01 paid, shall not exceed 
five hunched pounds uid 0111 pleasure is that all our 
of lu us uul suv ints belonging to oui said pailc be assisting 
to those tint you sli ill ippoint foi the doing thereof and 
foi so doing, this sli ill be to you, and to all otheis whom it 
miy coneun, 1 sufficient wan mt 
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* Civcn it oui Couit at Whitehall the — nd day of June, 
1675, m the 7th yen of our reign 

1 By his Majesty s Command, 

‘J Williamson 

c 1 0 our right tiustyand well beloved Counselloi, 

S11 Thomas Chichely, knt , Mastei Geneial of 0111 
Oidnince 5 

The first question that arose, when it had been 
determined to found the new Obseivatory was where 
it was to be placed Hyde Park was suggested, 
and Sir Jonas Moore recommended Chelsea Col- 
lege, wheie he had alieady thought of establishing 
Flamsteed 111 a private observatory Fortunately, 
both these localities were set aside in favour of one 
lecommended by Sir Christopher Wien Theie was 
a small building on the top of the hill in the Royal 
Park of Greenwich belonging to the Ciown, and 
which was now of little 01 no use Visible fiom the 
city, and easily accessible by that which was then 
the best and most convenient loadwiy the liver 
Thames, it was yet so completely out of town as 
to be entirely safe fiom the smoke of London In 
Greenwich Paik, too, but on the moie casteily hill, 
Charles I had contemplated setting up an obsei 
vatoiy, but the piessure of events hid prevented 
him carrying out his intention A furthei practical 
advantage was that materials could be easily trans 
ported thither The management of public affairs 
under Charles II left much to be desired in the 
matter of efficiency and economy and it was not 
very easy to procure what was wanted foi the election 
of a purely scientific building Howevci, the mattei 
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w is ariangcd A gate house demolished m the Tower 
supplied wood , iron, and lead, and bucks were sup- 
plied fiom lilbuiy Fort and these could be easdy 
hi ought by watci to the selected site The sum of 
/ sOO, \ctu illy ^520, was further allotted from the 
results of a sale of spoilt gunpowder , and with these 
limited rcsomces Greenwich Observatory was built 
1 he foundation stone was laid August 10, 1675 
md Flimstccd amused himself by drawing the horo 
scope of the Obseivatory, a fact which — in spite of 
his hiving wntten across the face of the horoscope 
Am///// fematis amiti ? (Can you keep from laughter 
my fuencls ?), and his having two or three years before 
wntten veiy scvciely against the imposture of as 
tiology— has led some modem astiologers to claim 
him is 1 believci in their cult He actually enteied 
into Ksidence July 10 1676 

His position was not a blight one The Govern 
m< nt h id, indeed, provided him with a building for 
his obseivatory, and a small house for his own 
ic siduu e, but he h id no instrument and no assistant 
I Ik fust difficulty was pnitly overcome for the 
moment by gifts 01 loans fiom S11 Jonas Moore, and 
by one 01 two small loans fiom the Royal Society 
l he cU ith of this great friend and pation, four yeais 
if tc 1 the founding of the Observatoiy, and only three 
yi us iftu his cntcung into lesidcnce, deprived him 
of stvu il of these, it was with difficulty that he 
m untuned agunst Sir Jonas heirs his claim to the 
mstiumints which Su Jonas had given him There 
w is nothing foi lura to do but to make his mstru 
me nts himself, md in 1683 he built a mural quad 1 ant 
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of fifty inches radius His cucumstances improved 
the following year, when Lord North gave him the 
living of Burstow neai Horley, Surrey I lamsteed 
having received oidination almost at the time of his 
appointment to the Astronomer Royalship We 
have little or no account of the way in which he 
fulfilled his duties as a clergyman Evidently he 
consideied that his position as Astionomer Royal 
had the first claim upon him At the same time, com 
paratively early in life he had expressed his desire 
to fill the clerical office, and he was a man too 
conscientious to neglect any duty that lay upon him 
That in spite of his feeble health he often journeyed 
to and fro between Burstow and Greenwich we know , 
and we may take it as certain that at a time when 
the standard of clerical efficiency was extremely low 
he was not one of those who 

£ I or then bellies’ sake, 

Cieep and intrude xnd climb into the fold 

His chief source of income, howcvei, seems to 
have been the private pupils whom he took m 
mathematics and astionomy These numbered in 
the years 1676 to 1709 no fewei than 140, and as 
many of them were of the veiy fiist and wealthiest 
families 111 the kingdom, the gam to Flamsteed m 
money and influence must have been consideiablc 
But it was most distasteful work It was m no sense 
that which he felt to be his duty, and which he had 
at hcxrt It was undet taken fiom sheer, haul neces 
sity and he grudged bitterly the time and strength 
which it diverted from his pioper calling 
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How faithfully he followed that, one single cir 
cumstance will show In the thirteen yeais ending 
1689 he made 20,000 observations, and had revised 
single handed the whole of the theories and tables of 
the heavenly bodies then in use 

In 1688 the death of his father brought him a 
considerable accession of means and, far more 1m 
portant, the assistance of Abiaham Sharp, 1 the fiist 
and most distinguished of the long list of Gieenwich 
assistants, men who though far less well known than 
the Astronomers Royal, have contributed scarcely 
less in their own field to the high reputation of the 
Observatory 

Sharp was not only a most careful and lnclc 
fatigable calculator, he was what was even more 
essential for Flamsteed — a most skilful instrument- 
maker , and he divided for him a new mural arc of 
140° and seven feet radius with which he commenced 
operations on December 12, 1689 Above all, Shaip 
became his faithful and devoted friend and adheient, 
and no doubt his sympathy strengthened Flamsteed 
to endure the trouble which was at hand 

That tiouble began in 1694 when Newton visited 
the Royal Ob=eivatory At that time Flamsteed, 
though he had done so much, had published nothing, 
and Newton, who had made his discovery of the 
laws of gravitation some few years before was then 
employed in deducing from them a complete theory 
of the moon’s motion This work was one of 
absolutely first importance In the first place and 

1 Abraham Sharp had been with Flamsteed earliei than 
this — m 1684 and 1685 
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chiefly upon the success with which it could be 
earned out depended undoubtedly the acceptance 
of the greatest discovery which has yet been made 
in physical science Secondarily — and this should 
and no doubt did, appeal to Flamsteed — the perfecting 
of our knowledge of the movements of the moon 
was a pnmaiy part of the very work which he was 
commissioned to do as Astronomer Royal Newton 
was, thciefore, anxious beyond everything to leceive 
the best possible observations of the moon s places 
and he came to Flamsteed, as to the man from whom 
he had a right to expect to receive a supply of them 
At first Flamsteed seems to have given these as fully 
as he was able , but it is evident that Newton 
chafed at the necessity foi these frequent applications 
to Flamsteed, and to the constant need of putting 
piessurc upon him Flamsteed on the other hand, 
as cleaily evidently resented this continual demand 
feeling as he keenly did, that, though he had been 
named Astionomu Royal, he had been left piac 
tic illy cntnely without suppoit, his instruments 
were entuely his own, eithei made or puichased by 
himself, his nominal salaiy of £100 was difficult to 
get, and did not neai ly cover the actual cuirent 
expenses of his position, he not unnaturally regarded 
his observations as Ins own exclusive pioperty He 
had a most natural dislike for his observations to 
be published, except aftei such 1 eduction as he 
himself had earned through, and in the mannei 
which he himself had chosen The idea which was 
ever before him was that of carrying out a single 
great work that should not only be a monument to 
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his own industry and skill but should also laise the 
name of England amongst scientific nations He 
complained of it, therefore, both as a peisonal wrong 
and an injury to the country when some observations 
of Cassinis were combined with some observations 
of his own m order to deduce a better orbit for a 
comet 

Unknown to himself, therefoie, he was called upon 
to decide a question that has proved fundamental to 
the policy of Greenwich Obseivatory and he decided 
it wiongly — the question of publication Newton 
had urged upon him as early as 1691 that he should 
not wait until he had formed an exhaustive catalogue 
of all the bnghtei stars, but that he should publish 
at once a catalogue of a few, which might serve as 
standards , but Flamsteed would not hear of it He 
failed to see that his office had been cieated for a 
definite practical purpose, not for the execution of 
some great scheme however impoitant to science 
All his work of thnty yeais had done nothing to 
forward navigation so long as he published nothing 
But if year by year, he had published the places of 
the moon and of a few standard stars he would have 
advanced the art immensely and yet have not 
hindered himself fiom eventually bunging out a 
great catalogue No doubt the little incident of 
Newton s difficulty with the microscope, of which he 
had forgotten the object glass had given Tlamsteed 
a low opinion of Newton’s qualifications as a practical 
astronomer If so he was wrong for Newtons m 
sight into practical matters was gi eater than Flam- 
steed s own, and his practical skill was no less, though 
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his absent mindedness might occasionally lead him 
into an absurd mistake 

The following extract from Flamsteed s own 
‘brief History of the Observatory' gives an account 
of his view of Newtons action towaids him in 
desiring the publication of his star catalogue and 
at the same time it illustrates Flamsteed s touchy 
and suspicious nature 

‘ Whilst Mi Flamsteed w is busied in the labonous woil 
of the catalogue of the fi\ed stais, and foiced often to watch 
and Inborn by night, to fetch the matenals foi it fiom the 
heavens that weie to be employed by day, he often, on Sn 
Isaac Newton’ b instances furnished him with obseivations 
of the moon s places m Older to cairy on his coirection of 
the lunai theory A civil correspondence was earned on 
between them only Mr Flam teed coulc 1 not but lake 
notice that as Sn Isaac was advanced in place, so he laised 
himself in his conversation and became more magisterial 
At last, finding that Mr Flamsteed had advanced fai in his 
designed catalogue by the help of his countiy calculator, 
that he had made new lunar tables, and was daily advancing 
on the othei planets Sir Isaac Newton came to see him 
(Tuesday, April ir, 1704) and desmng after dinner, to he 
shown in what foiwardness his woil was had so much of 
the catalogue of the fixed stais laid befoie him as was then 
finished together with the maps of the constellations, both 
those diawn by T Weston and P Van Somcr as also lus 
collation of the obseived places of Saturn and Jupitei with 
the kudolphine numbers Having viewed them well, he 
told Mr Flamsteed he would (ic he was desnous to) 
recommend them to the Prince privately Mr Tlamsteed 
(who had long been sensible of his paitiality, and heard 
how his two flatteiers cried Sir Isaac’s perfoimances up, 
was sensible of the snaie m the woicl privately) answered 
that would not do and (upon Sir Isaac’s demanding “ why 
not ”) that then the Princes attendants would tell him 
these were but curiosities of no gieat use, and persuade 
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him to save that expense, that theic might be the moie for 
them to beg of him and that the lecommendation must 
be made publicly to pi event any such suggestions Sn 
Isaac appiehended light that he was understood and his 
designs defeated and so tool his leave not well satisfied 
with the refusal 

It was Novembei following ere Mr Flamsteed henid 
fiom him any more when, considering with himself that 
what he had done was not well understood he set himself 
to examine how many folio pages his woik when punted 
would fill and found upon an easy computation that they 
would at least take up 1400 Being amazed at this, he set 
himself to consider them moie senously drew up an 
estimate of them and, to obviate the nnsiepiesentations 
of Dr S[loane] and some otheis who had given out that 
what he had was mconsideiable, he deliveied a copy of the 
estimate to Mi Hodgson then lately chosen a membei of 
the Royal Society, with directions to clelivei it to a fuencl, 
who he 1 new would do him justice and on this fan 
account, obviate those unjust lepoits which had been 
studiously spieacl to his piejudice It happened soon aftei, 
Mr Hodgson being at a meeting spied this peison there, 
at the othei side of the 100m and theiefoie gave the paper 
to one that stood in some company betwixt them, to be 
handed to him But the gentleman mistaking his request 
handed to the Secietaiy [Di Sloane], who being a 
Physician, and not acquainted with astionomical teims, 
did not lead it readily Wheieupon anothei in the 
company took it out of his hands and, having lead it 
distinctly, clesned that the woiks theiein mentioned mi to ht 
be lccomm ended to the Pnnce the charge of punting 
them being too gieat cither foi the authoi 01 the Royal 
Society S11 Isaac closed in with this 5 

The work was in consequence recommended to 
Prince George of Denmark, the Queens Consoit, 
but it was not till November 10, 1705 that the 
contract for the printing was signed Two years 
later, the observations which he had made with 
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his sextant in his first thirteen years of office 
were printed Then came the difficulty of the 
catalogue It was not complete to Flamsteeds 
satisfaction, and he was most unwilling to let it 
pass out of his hands However, two manuscripts, 
comprising some three quarters of the whole, were 
deposited with referees, the first of these being sealed 
up The seal was broken with Flamsteed’s con 
currence , but the fact that it had been so broken 
was made by him the subject of bitter complaint 
later At this critical juncture Prince George died, 
and a stop was put to the progress of the printing 
Two jears moie elapsed without any advance being 
made, and then, in order to check any further 
obstruction, a committee of the Royal Society was 
appointed as a Board of Visitors to visit and inspect 
the Observatory, and so maintain a control over the 
Astronomer Royal This was natuially felt by so 
sensitive a man as riamsteed as a most intolerable 
wiong, and when he found that the printing of his 
catalogue had been placed in the hinds of Halley as 
editor, a man foi whom he had conceived the most 
violent distrust he absolutely refused to furnish the 
Visitors with any further material Ihis led to, 
perhaps, the most painful scene in the lives either 
of Newton 01 Flamsteed Flamsteed was summoned 
to meet the Council of the Royal Society at their 
rooms in Crane Couit A quorum was not piesent, 
and so the interview was not official, and no lecord 
of it is preserved in the ai chives Flamsteed has 
himself described it with great particularity m more 
than one document, and it is only too easy to 
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understand the scene that took place Newton was 
a man who had an absolutely morbid dread of 
anything like controversy, and over and over again 
would have preferred to have buried his choicest 
researches, rather than to have encountered the 
smallest conflict of the kind He was perhaps, 
therefore, the worst man to deal with a high- 
prmcipled, sensitive, and obstinate man who was 
in the wrong, and yet who had been so hardly dealt 
with that it was most natural for him to think himself 
wholly in the right Flamsteed adhered absolutely 
to his position, from which it is clear it would have 
been extremely difficult for the greatest tact and 
consideration to have dislodged him Newton on 
his part, simply exerted his authority, and, that 
failing, was reduced to the miserable extremity of 
calling names The scene is described by Flamsteed 
himself, in a letter to Abraham Sharp, as follows — 

‘ I have had another contest with the President 1 of the 
Royal Society, who had foimcd a plot to make my 
instruments theirs and sent for me to a Committee, where 
only himself and two physicians (Dr Sloane and another 
as little skilful as himself) were present The Piesident 
ran himself into a gieat heat, and very indecent passion 
I had resolved aforehand his kn — sh tall should not 
move me showed him that all the instruments in the 
Observatoiy weie my own the mural arch and voluble 
quadrant having been made at my own charge the rest 
purchased with my own money, except the sextant and 
two clocks, which weie given me by Sn Jonas Mooie, with 
Mr Towneleys miciometer, his gift, some years befoie 
I came to Greenwich This nettled him for he has got 
a letter from the Secretaiy of State for the Royal Society 


1 Sir Isaac Newton 
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to be Visitois of the Observatory, and he said, “as ^ood 
have no observatory as no instr umuits” I complained 
then of my catalogue being punted by Kiymei without my 
knowledge, and that I was robbed of the fruit of my labours 
At this he fired, and c died me all the ill names, puppy, 
etc , that he could thml of All I returned was I put him 
in mind of his passion, desired him to govern it, and 1 ecp 
his temper this made him lage woise, and he told me 
how much I hid lcceivecl from the Government m thuty 
six yeais I li id served I asl ed what he had done for the 
.£500 per annum tint he had received evci since he had 
settled in London r Ihis made him calmei but finding 
him going to buist out again, I only told him my eatalogue, 
half finished, was deliveicd into his hands, on his own 
request sealed up He could not deny it but said Dr 
Aibuthnott had procuied the Queens oidei foi opening it 
This I am persuaded, was false 01 it was got after it had 
been opened I said nothing to him m leturn but, with 
a little moie spmt than I hid hitherto showed, told them 
th it ( od (who was seldom spol en of with due icvcicnce in 
that meeting) hid hitherto piospcied all my labours, and 
I doubted not would do so to a h ippy conclusion took 
my leave and left them Di Slo me h id s ud nothin^, ill 
this while the othei Doctoi told me I wis proud, ind 
insulted the Piesident md lan into the same passion with 
the Piesident At my h omg out, I e died to Di Slo me, 
told him he h id beh ived himself civdl), md th inked him 
for it I s iw Kaymei iftei, di ml 1 dish of coffee with 
him, and told him, still c ilmly, of the vill my of his conduct, 
md called it btoef ish Since then they let me be quiet 
but how lon to they will do so 1 1 now not, not 1111 I 
solicitous ’ 

I he Visitois continued the punting, II illcy being 
the editoi, and the work appealed in 1712 undei the 
title of Ihstoi ui Ccikstis This seemed to Flamsteed 
the greatest wiong of all The work is it ippeaied 
seemed to him so full of errois, wilfully 01 acciden 
tally inseited as to be the gieatest blot upon his fail 
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fame, and he set himself, though now an old man, to 
woik it out de novo and at his own expense To 
that purpose he devoted the remaining seven years 
of his life Tew things can be more pathetic than 
the letters which he wiote m that period referring to 
it He was subject to the attacks of one of the 
crudest of all diseases — the stone , he was at all 
times liable to distracting headaches He had been, 
from his boyhood, a great sufferer from lheumatism, 
and yet, in spite of all, he lesolutely pushed on his 
self appointed task The following extract fiom one 
of his letters will give a more vivid idea of the biave 
old man than much description — 

I can still, I piaise God foi it wall from my door to 
the Blacklieath gate and back, with a little resting at some 
benches I have caused to be set up betwixt them But I 
found myself so tiled with getting up the hill when I leturn 
fiom church, that at last I have bought a sedan, and am 
earned thithei m state on Sunday mornings and bad I 
hope I may employ it in the afternoons, though I have not 
hitherto, by leason of the weathei is too cold foi me ’ 

Aftei the death of Queen Anne, a change in the 
ministiy enabled him to secure that thiee hundred 
copies of the total impression of four hundred of the 
Histona CalesHs were handed over to him Tnese 
except the fiist volume, containing his sextant 
observations (which had leceived his own approval) 
he burned, ‘as a sacrifice to heavenly truth IIis 
own great work had advanced so far that the first 
volume was printed, and much of the second, when 
he himself died, on the last day of 1719 He was 
buried in the chancel of Burstow Church 
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The completion of his work took ten years more , 
a work of piety and regard on the part of his assistant 
Joseph Crosthwait 

When compared with the catalogues that have 
gone befoie it was a work of wonderful accuracy 
Nevertheless, as Caroline Herschel showed, nearly a 
century latei not a few errois had crept into it 
Some of the stars are non existent, others have been 
catalogued in moie than one constellation , important 
stars have been altogether omitted Perhaps the 
most serious fault arises from the neglect of 
Flamsteed to accept from Newton a practical hint, 
namely, to read the barometer and thermometer at 
the time of his observations Nevertheless, the work 
accomplished was not only wondeiful under the 
untoward conditions in which Flamsteed was placed , 
it was wonderful in itself, winning from Airy the 
following high encomium — 

4 In regard not only to accatacy of obscivi ion, and to 
detail in publication of the methods of observing, but also 
to steadiness of system followed tlnough many yeais, and 
to completeness of calculation of the useful results deduced 
from the obseiv itions, this worl m ly shame any otliu 
collection of obseivations in this or my otlici country ’ 

This catalogue was not I lamsteed s only achievement 
He had detei mined the latitude of the Observatory 
the obliquity of the ecliptic, and the position of the 
equinoctial points He thought out an onginil 
method of obtaining the absolute right ascensions of 
stars by differential observations of the places of the 
stars and the sun near to both equinoxes He had 
revised and improved Horrox s theory of the lunar 
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motions, which was by fai the best existing in 
Tlamsteed’s day He showed the existence of the 
long inequality of Jupiter and Saturn , that is to say 
the periodic influence which they exeicise upon each 
other He determined the time in which the sun 
rotates on its axis, and the position of that axis 
He observed an apparent movement of the stars 
in the course of a year, which he ascribed, though 
erroneously, to the stellar parallax, and which 
was explained by the third Astronomer Royal, 
Bradley 

Tlamsteed not only met with harsh treatment 
during his lifetime, he has not yet received, except 
from a few, anything like the meed of appreciation 
which is his just due , but, at least, his successors in 
the office have not foi gotten him They have been 
proud that then official residence should be known 
as Tlamsteed House, and his name is inscribed ovei 
the mam entrance of the latest and finest of the 
Observatory buildings, and his bust looks forth from 
its front towards the home where he laboured so 
devotedly for nearly fifty years But he has received 
little honoui save at Greenwich, and — in spite of the 
proverb — in his othei home, the village of Burstow, 
in Surrey of which he was for many years the rector 
Here a stained glass window repiesenting appro 
pnately, the Adoration of the Magi, has been 
recently set up to his memory, laigely through 
the interest taken in his history by an amateur 
astronomer of the neighbourhood, Mr W Tebb, 
FRAS 

No instrument of I lamsteed s remains in the 
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Observatory, his wife removing them after his death 
But we may consider his principal instrument, the 
mural quadrant made for him by Abraham Sharp 
as represented by the remains of a quadrant by the 
same artist, which was presented to the Observatory 
by the Rev N S Heineken, m 1865 and now hangs 
over the door of the transit room 



CHAPTER III 


HALLEY AND HIS SUCCESSORS 

There is no need to give the lives of the succeeding 
Astronomers Royal so fully as that of Flamsteed 
Not that they were inferior men to him , on the 
contrary there can be little doubt that we ought to 
reckon some of them as his superiors, but, m the 
case of several, their best work was done apart from 
Greenwich Observatory, and before they came to it 

This was particularly the case with EDMUND 
Halley Born on October 29 1656 he was ten 
years the junior of Flamsteed Like Flamsteed, he 
came of a Derbyshire family, though he was born at 
Haggerston, in the parish of St Leonard s, Shore 
ditch He was educated at St Pauls School, where 
he made very rapid progress, and already showed 
the bent of his mind He learnt to make dials , he 
made himself so thoioughly acquainted with the 
heavens that it is said, ‘ If a stai were displaced in 
the globe he would piesently find it out, and he 
observed the changes in the dnection of the mariner s 
compass In 1673 he went to Queens College, 
Oxford, where he observed a sunspot in July and 
August, 1676, and an occupation of Mars This was 
not his first astronomical observation, as, in June 
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1675, he had obseived an eclipse of the moon from 
his fathers house in Winchester Street 

A much wider scheme of work than such merely 
casual observations now entered his mind, possibly 
suggested to him by Tlamsteed s appointment to the 
direction of the new Royal Observatory This was 
to make a catalogue of the southern stais Tycho s 
places foi the noithern stars weie defective enough, 
but theie was no catalogue at all of stais below the 
horizon of Tychos observatoiy Here, then, was a 
field entirely unworked, and young Halley was so 
eagei to entei upon it that he would not wait at 
Oxfoid to obtain his degree, but was anxious to 
stait at once foi the southern hemispheie 

His father who was wealthy and pioud of his 
gifted son strongly supported him in his project The 
station he selected was St Helena, an unfoitunate 
choice, as the skies theie were almost always moie 
01 less clouded, and lain was fiequent during his stay 
However, he lcmained theie a yeai and a half and 
succeeded in making a catalogue of 341 stars This 
catalogue was finally reduced by Sharp, and included 
in the third volume of riamsteed’s I Into) ta Calntis 
In 1678 he was elected bellow of the Royal 
Society, and the following yeai he was chosen to 
represent that society in a discussion with Hevelius 
The question at issue was as to whethei more accurate 
observations of the place of a star could be obtained 
by the use of sights without optical assistance, or by 
the use of a telescope The next yeai he visited the 
Paris Observatory, and, latci in the same tour, the 
principal cities of the Continent 
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Not long after his return from this tour Hallev 
was led to that undeitalang for which we owe hZ 
the greatest debt of gratitude and which must be 
regarded as his greatest achievement 

Some fifty years before, the great Kepler had 
brought out the third of his well known laws of 
planetary motion These laws stated that the planets 
move round the sun in ellipses, of which the sun 
occupies one of the foci, that the straight line 
joining any planet with the sun moves over equal 
areas of space in equal periods of time , and lastly 
that the squares of the times m which the several 
planets complete a revolution round the sun are 

froTf ' n t0 T beS ° f thGlr mean dlst ances 
trom it These thiee laws were deduced from actual 

examination of the movements of the planets Kepler 
id not work out any underlying cause of which these 
three laws were the consequence 

But the desire to find such an underlying cause 
was keen amongst astronomers and had given rise 
to many researches Amongst those at work on the 
subject was Halley himself He had seen, and been 
able to prove, that if the planets moved in circles 
round the sun, with the sun in the centre then the 

™ th f ; eIatlon betw een the times of revolution 
and the distances of the planets would show that the 
a ractive force of the sun varied inversely as the 
square of the distance The actual case however, of 

could n nnr/ n i elllP u Se WaS t00 hard f0r hlm and he 
could not deal with it Halley therefore went up to 

delip-hf- 1 Z ^ C ° nSult Newton and, to his wonder and 
delight, found that the latter had already completely 
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solved the problem, and had proved that Keplers 
three laws of planetary motion weie summed up in 
one, namely, that the sun attracted the planets to it 
with a force inversely propoitional to the square of 
the distance 

Halley was most enthusiastic over this great dis- 
covery and he at once strongly urged Newton to 
publish it Newton s unwillingness to do so was 
great, but at length Halley overcame his reluctance , 
and the Royal Society not being able at the time 
to afford the expense Halley took the chaiges 
upon himself, although his own resources had been 
recently seriously damaged by the death of his 
father 

The publication of Newton s Prmcipia , which, but 
for him, might never have seen the light, and most 
certainly would have been long delayed, is Halleys 
highest claim to our gratitude But apait from this, 
his record of scientific achievement is indeed a noble 
one Always, from boyhood he had taken a gieat 
interest in the behaviour of the magnetic compass, 
and he now followed up the study of its v illations 
with the greatest energy Lor this purpose it was 
necessary that he should travel, in view of the great 
impoitance of the subject to navigation King 
William III gave him a captains commission in the 
Royal Navy — a cunous and intei esting lllustiation 
of the clo e connection between astionomy and the 
welfare of our navy — and placed him in command of 
a 'pink/ that is to say, a small vessel with pointed 
stern, named the Paramour, in which he proceeded to 
the southern ocean His first voyage was unfortunate, 
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but the Paramour was lecommtssioncd in 1699, and 
he sailed in it as far as south latitude 52° 

In 1701 and the succeeding yeai he made furthei 
voyages in the Paramoui, surveying the tides and 
coasts of the British Channel and of the Adriatic 
and helping in the foitification of Tneste He 
became Savihan Piofessor of Geometry at Oxford in 
1703 ) having failed twelve yeais pieviously to secuie 
the Savihan Piofessorship of Astionomy, mainly 
through the opposition of Flamsteed, who had nlieady 
formed a strong prejudice against him, which some 
•waters have traced to Halleys detection of several 
enors in one of Plamsteeds tide tables others to 
Halley’s supposed materialistic views Probably the 
difference was innate in the two men Theie was 
likely to be but little sympathy between the strong 
masterful man of action and society and the secluded 
self conscious, suffering invalid At any rate, in the 
contest between Newton and Flamsteed, which has 
been already described, Halley took warmly the 
side of the former and was appointed to edit the 
publication of Flamsteed’s lesults, and, on the death 
of the latter, to succeed him at the Royal Obsei vatory 
The condition of things at Greenwich when 
Halley succeeded to the post of Astronomer Royal 
in 1720 was most discoui aging The instruments 
there had all belonged to Flamsteed, and therefore, 
most naturally, had been lemoved by his widow 
The Observatoiy had practically to be begun de novo, 
and Halley had now almost attained the age at 
which in the present day an Astionomer Royal 
would have to retii e More fortunate, however, than 
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his predecessor, he was able to get a grant foi 
instruments, and he equipped the Observatory as 
well as the resources of the time permitted, and his 
transit instrument and great eight foot quadrant still 
hang upon the Observatory walls 

As Astronomer Royal his great work was the 
systematic observation of the positions of the moon 
thiough an entire saro± As is well known, a period 
of eighteen years and ten or eleven days brings the 
sun and moon very nearly into the same positions 
relatively to the earth which they occupied at the 
commencement of the period This period was well 
known to the ancient Chaldeans, who gave it its name 
since they had noticed that eclipses of the sun or 
eclipses of the moon recurred at intervals of the above 
length It was Halley s desire to obtain such a set 
of observations of the moon through an entire saros 
penod as to be able to deduce therefrom an improved 
set of tables of the moon s motion It was an 
ambitious scheme for a man so much over sixty 
to undertake, nevertheless he earned it through 
successfully 

His desire to complete this scheme, and to found 
upon it improved lunar tables, hindered him fiom 
publishing his observations, for he feared that others 
might make use of them before he was m a position to 
complete his work himself This omission to publish 
troubled Newton, who, as President of the Royal 
Society — the Greenwich Board of Visitors having 
lapsed at Queen Anne's death— drew attention at a 
meeting of the Royal Society, Maich 2, 1727, to 
Halley's disobedience of the order issued under Queen 
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Anne, for the prompt communication of the Obsci - 
vatory results That Newton should thus have p 11 ^ 
public pressure upon Halley, the man to whom ho 
was so much indebted, and with whom there was 
close an affection is sufficient proof that his sirrul 
attitude towaids Flamsteed was one of principle and 
not of arbitrariness Halley, on his side stood fit**** 
as Flamsteed had done, urging the danger that, t>y 
publishing before he had completed his task, ho 
might give an oppoitumty to others to forestall 
results It is said — probably without sufficient 
ground — that this refusal bioke Newtons heart and 
caused his death Certainly Halleys writings in 
that very year show his reverence and affection foi 
Newton to have been as keen and lively as evei 

Halleys work at the Observatoiy went on 
smoothly, on the lines he had laid down for himself* 
for ten years after Newtons death, but in 1737 he 
had a stroke of paralysis, and his health, which had 
been remarkably lobust up to that time, began to 
give way He died January 14 1742, and was bunt cl 
in the cemetery of Lee Church 

As an astionomei, his seivices to the science* 
rank highei than those of his piedecessoi , but *x > 
Astronomei Royal, as director, that is to say, of 
Greenwich Observatory, he by no means accomplished 
as much as Flamsteed had done Professor Grant, 111 
his History of Physical Astronomy , says that he seems 
to have undervalued those habits of minute attention 
which are indispensable to the attainment of a hi|gli 
degree of excellence in the piactice of astronomic d 
observation He was far from being sufficiently 
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caieful as to the adjustment of his instruments 
the going of his clocks, or the recoiding of his 
own observations The important featuie of his 
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administration was that under him the Observatory 
was first supplied with instruments which belonged 
to it 

His astronomical work apait from the Obser- 
vatory was of the first importance He practically 
inaugurated the study of terrestrial magnetism, and 
his map giving the results of his observations during 
his voyage in the Paramour intioduced a new and 
most useful stvle of recording observations He 
joined togethei by smooth curves places of equal 
variation, the result being that the chart shows at 
a glance notmeiely the general course of the variation 
over the eaiths surface but its value at any spot 
within the limits of the chart 

Another work which has justly made his name 
immortal was the prediction of the return of the 
comet which is called by his name, to which reference 
will be made later Another great scheme, and one 
destined to bear much fruit, was the working out of 
a plan to determine the distance of the sun by 
obseivations of the transit of Venus 

Of attractive appearance, pleasing manners, and 
ready wit loyal generous and free from self seeking 
he probably was one of the most peisonally engaging 
men who ever held the office 

The salary of the Astronomer Royal remained 
under Halley at the same inadequate rate which it 
had done under Flamsteed — £ 100 , without provision 
foi an assistant But in 1729 Queen Caroline, learning 
that Halley had actually had a captain’s commission 
in the Royal Navy, secured foi him a post-captain s 
pay 
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Halleys work is represented at the Obsei vatory 
by two of his instruments which aie still preserved 
there, and which hang on the west wall of the piesent 
tiansit room the Iron Quadrant afterwards made 
famous by the obsei vations of Biadley, and 4 Halley s 
Transit/ the first of the great series of instruments 
upon which the fame of Greenwich chiefly rests 
This tiansit instrument seems to have been set up 
in a small room at the west end of what is now known 
as the North Teirace His quadrant was mounted on 
the pier which is now the base of the pier of the 
astrographic telescope This pier was the first exten 
sion which the Observatoiy received from the ongmal 
building 

On the breakdown of his health Halley nominated 
as his successor, James Biadley , indeed it is stated 
that he offered to lesign in his favour He had 
known him then foi ovei twenty yeais, and that keen 
and geneious appreciation of ment m otheis which 
was chaiactenstic of Halley had led him veiy eaily 
to lecognize Biadley’s singular ability 

Jamcs Biiadily was born in 1692 or 1693 of 
an old Noith of England family His birthplace was 
Sherbourne in Gloucestei shire, and he was educated 
at North Leach Grammar School and at Baliol 
College Oxfoid During the years of his undei 
graduateship he resided much with his uncle, the 
Rev James Pound, Rectoi of Wanstead, Essex, an 
aident amateur astronomer, a frequent visitor at the 
Observatory in Hamstteds time, and one of the 
most accurate obsei veis m the country From him, 
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no doubt, he derived his love of the science and 
possibly some of his skill in observation 

Bradley’s eailiest observations seem to have been 
devoted to the phenomena of Jupiter s satellites and 
to the measures of double stars The accuiacy with 
which he followed up the first drew the attention of 
Halley and so began a fnendship which lasted 
through life His obseivations of double stais 
particularly of Castor, only just failed to show him 
the orbital movement of the pan because his attention 
was drawn to othei subjects before it had become 
sufficiently obvious 

In 1719 Bradley and his uncle made an attempt 
to determine the distance of the sun through observa 
tions of Mars when in opposition, observations which 
were so accurate that they sufficed to show that the 
distance of the sun could not be greater than 125 
millions of miles, noi less than about 94 millions 
The lower limit which they thus found has proved to 
be almost exactly conect 0111 best modern detei 
ruinations giving it as 93 millions The instiument 
with which the obser\ ations were made was a novel 
one, being ‘moved by a machine that made it to 
keep pace with the stars , in other words, it was the 
first, or nearly the first, example of what we should 
now call a clock driven equatorial 

That same year he was offeied the Vicaiage of 
Bndstow, near Ross in Monmouthshire where having 
by that time taken priests orders, he was duly 
installed July 1720 To this was added the sinecure 
Rectory of Llandewi Velgry , but he held both livings 
only a very shoit time In 1721 the death of Dr 
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John Keill tendered vacant the Sivihan Professorship 
of Astionomy at Oxford, for which Bradley became 
a candidate, and was duly elected, and resigned Ins 
livings in consequence 

It was whilst he was Snvilian Piofessor that 
Bradley made that great dtscoveiy which will always 
be associated with his name Though piofessor at 
Oxford, he had continued to assist his uncle, Mi 
Pound, at his obseivations at Wanstead and aftei 
the death of the latter he still lived there as much 
as possible, and continued his astionomical work 
But in 1725 he was invited by Mi Samuel Molyncux 
who had set up a twenty foui foot telescope made by 
Graham as a zenith tube at lus house on Kcw Gieen 
to verify some obseivations which he was miking 
These weie of the stai Gamma Diacoms, a stai which 
passes through the ?cnith of London, md which 
therefore, had been much observed both by Flamsteed 
and Ilooke, inasmuch as by fixing a telescope in an 
absolutely veitical position — a position which could 
be easily verified— it was easy to asccitain if theic 
was any minute change in the appaicnt position of 
the star Dr Hooke had declaicd that thcie was 
such a change a change due to the motion of the 
eaith in its oibit, which would piove that the stai 
was not an infinite distance from the cnith, the 
seeming change of its place in the sky conesponding 
to the change in the place of the earth fiom which 
the observei was viewing it 

Biadley found at once that theic was such a 
change— a marked one It amounted to as much 
as 1" of arc in three days, but it vias not 111 the 
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duection in which the paiallax of the star would have 
moved it but m the opposite Whether therefore, 
the star was near enough to show any parallax or not, 
some other cause was giving use to an apparent dis 
placement of the stai, which entnely masked and 
overcame the effect of parallax 

So far Bradley had but come to the same point 
which Flamsteed had leached Flamsteed had 
detected precisely the same appaient displacement 
of stars, and, like Hooke, had ascribed it to parallax 
Cassini had shown that this could not be the case, as 
the displacement was in the wrong direction , and 
there the matter had rested Bradley now set to 
follow the question up Other stars beside Gamma 
Draconis were found to show a displacement of the 
same general chai acter, but the amount varied with 
their distance from the plane of the ecliptic, the 
earth s orbit The first explanation suggested was 
that the axis of the earth, which moves very nearly 
parallel to itself as the earth moves round the sun 
undeinent a slight regulai ‘wobble in the course of 
a yeai To check this, a star was observed on the 
opposite side of the pole fiom Gamma Draconis, 
then Bi ad ley investigated as to whether infraction 
might explain the difficulty but again without 
success He now was most keenly interested in the 
problem, and he purchased a zenith telescope of his 
own, made, like that of Molyneux, by Graham, and 
mounted it in his aunts house at Wanstead, and 
observed continuously with it The solution of the 
problem came at last to him as he was boating on the 
Thames Watching a vane at the top of the mast 
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he saw with surprise that it shifted its direction every 
time that the boat was put about Remarking to the 
boatmen that it was very odd that the wind should 
change just at the same moment that there was a 
shift in the boat s course, they replied that there was 
no change in the wind at all, and that the apparent 
change of the vane was simply due to the change of 
direction of the motion of the boat 

This supplied Bradley with a key to the solution 
of the mystery that had troubled him so long It 
had been discovered long before this that light does 
not travel instantaneously fiom place to place, but 
takes an appreciable time to pass from one member 
of the solar system to another This had been dis 
covered by Romer from observations of the satellites 
of Jupiter He had noted that the eclipses of the 
satellites always fell late of the computed time, when 
Jupiter was at his greatest distance from the earth , 
and Bradley s own work in the observation of those 
satellites had brought the fact most intimately under 
his own acquaintance The result of the boating 
incident taught him then, that he might look upon 
light as analogous to the wind blowing on the boat 
As the wind, so long as it was steady would seem to 
blow from one fixed quarter so long as the boat was 
also in rest, but as it seemed to shift its direction 
when the boat was moving and changed its direction, 
so he saw that the light coming from a particular star 
must seem to slightly change the direction in which 
it came or m other words, the apparent position of 
the star to correspond with the movement of the 
earth in its orbit round the sun 
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This was the celebrated discoveiy of the Abena 
tion of Light, a triumph of exact observation and of 
clear insight As to the exactness of Bradley s 
observations, it is sufficient to say that his determma 
tion of the value of the Constant of Aberration 9 gave 
it as 20 39 , the value adopted to day is 204 /' 

On the death of Halley in 1742 Bradley was 
appointed to succeed him He found the Obseivatoiy 
in as utterly disheartening a condition as his prede- 
cessors had done As alieady mentioned, Halley 
had not the same qualifications as an observer that 
Flamsteed had He was, further, an old man when 
appointed to the post, he had no assistant provided 
for him, and the last five years of his life his health 
and strength had entirely given way Under these cir 
cumstances, it was no wonder that Bradley found the 
instruments of the Observatoiy in a deplorable state 
Nevertheless he set to work most energetically, and 
in the year of his appointment he made 1500 observa 
tions in the last five months of the year He was 
paiticularly earnest in examining the condition and 
the errors of his instruments , and as their defects 
became known to him, he was more and more anxious 
for a bettei equipment He moved the Royal 
Society, therefore, to apply on his behalf for the 
instruments he required , and a petition from that 
body, 111 1748 obtained what in those days must 
be considered the generous grant of ^1000 the 
proceeds of the sale of old Admiralty stores The 
principal instruments purchased therewith were a 
mural quadrant and a transit instrument, both eight 
feet in focal length, still preserved on the walls of the 
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transit 100m It is interesting also to note that, 
following in the steps of Halley, and forecasting, as it 
weie, the magnetic observatory which Airy would 
found, he devoted £ 20 of the grant to purchasing 
magnetic instruments 

Meantime he had continued his observations on 
aberration and had discovered that the aberration 
theory was not sufficient entirely to account for the 
apparent changes in places of stars which he had 
discoveied A second cause was at work, a move 
ment of the earth s axis, a c wobble * in its inclination, 
technically known as Nutation, which is due to the 
action of the moon, and goes through its course in a 
period of nineteen years 

Beside these two great discoveries of aberration 
and nutation, Bradleys leputation rests upon his 
magnificent observations of the places of more than 
three thousand stars This part of his work was done 
with such thoroughness, that the stai -places deduced 
fiom them form the basis of most of our knowledge 
as to the actual movements of individual stars In 
particular, he was careful to investigate and to correct 
for the errors of his instrument and to determine 
the laws of refraction, introducing corrections for 
changes in the readings of thermometer and baio 
meter His tables of refraction were used, indeed 
for seventy years after his death Of his other labours 
it may be sufficient to refer to his determination of 
the longitudes of Lisbon and of New York, and to his 
effort to ascertain the parallax of the sun and moon, 
111 combination with La Caille, who was observing at 
the Cape of Good Hope 
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As Astronomer Royal, Bradley’s great achieve- 
ment was the high standaid to which he raised the 
practical work of observation From his day on- 
wards, also, there was always at least one assistant 
His first assistant was his own nephew, John Bradley, 
who received the munificent salaiy of ten shillings a 
week Still, this was not out of ptoportion to the 
then salary of the Astionomei Royal, which piacti 
cally amounted only to £90 Howevei in 1752 
Bradley was awaided a Crown pension of ^250 a 
year He refused the living of Gieenwich, which was 
offered him in order to mciease his emoluments on 
the ground that he could not suitably fulfil the 
double office Bradley s later assistants wcic Chailes 
Mason and Chailes Green 

Bradley’s last work was the preparation foi the 
obseivations of the transit of Venus of 1761, accoiding 
to the lines laid down by his piedecessoi, Ilallcy 
His health gave way, and he became subject to 
melancholia, so that the actual observations wcie 
taken by the Rev Nathaniel Bliss, who succeeded 
him m his office after his death, in 1762 He was 
buried at Mmchmhampton 

So fai as we know Bradleys chaiactcr, he seems 
to have been a gentle, modest, unassuming man, 
entirely free from self-seeking, and indifferent to 
personal gain He was in many ways an ideal 
astionomei, exact, methodical, and conscientious to 
the last degree Iiis skill as an observci was his 
chief characteristic , and though his abilities were not 
equal as a mathematician 01 a mechanician, yet, on 
the one hand, he had a vciy clear insight into the 

I 
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meaning of his observations and on the other, he was 
skilful enough to himself adjust, repair, and improve 
his instiuments 

Of Bradleys instruments, there are still preserved 
his famous twelve and-a half foot zenith sector, with 
which he made his two gieat discoveries , his brass 
quadrant, which in 1750 he substituted for Halleys 
iron quadrant , his transit instrument and equatonal 
sector Bradley added to the buildings of the 
Observatory that portion which is now represented 
by the uppei and lower computing rooms, and the 
chronometer room, which adjoins the latter This 
100 m— the chionometer room— was his transit room, 
and the position of the shutters is still marked by 
the window in the loof 

The Rev Nathaniel Bliss, who succeeded 
Bradley only held the office for a couple of years, 
and during that time was much at Oxford He, 
therefore has left no special maik behind him as 
Astronomer Royal 

He was born November 28, 1700 His father, 
like himself Nathaniel Bliss, was a gentleman of 
Bisley Gloucestershire 

Bliss graduated at Pembroke College, Oxford, as 
BA in 1720, and M A in 1723 He became the 
Rector of St Ebb’s, Oxford, in 1736 and on Halleys 
death succeeded him as Savilian Professor of Geo 
metry He supplied Bradley with his observations 
of Jupiter s satellites, and fiom time to time, at his 
request, rendered him some assistance at the Royal 
Observatory This was paiticularly the case, as has 
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been already mentioned with respect to the tiansit 
of Venus of 1761 the observations of which were 
carried out by Bliss owing to Bradley s ill health 
It was natural, therefoie, that on Biadley’s death he 
should succeed to the vacant post , but he held it too 
short a time to do any distinctive woik Such 
observations as he made seem to have been entirely 
in continuation of Bradleys He took a great 
interest, however, in the improvement of clocks a 
department in which so much was being done at this 
time by Graham, Ellicott, and otheis 

Nevil Maskelyne, the fifth Astronomer Royal, 
was, like Bliss, a close friend of Bradley’s He was 
the third son of a wealthy country gentleman, 
Edmund Maskelyne, of Purton, in Wiltshire Maske 
lyne was boin in London, October 6 1732, and was 
educated at Westminstei School Thence he pro 
ceeded to Cambridge, where he graduated seventh 
Wianglei in 1754 He was oidaincd to the curacy 
of Barnet in 1755 and, twenty years later, was pie 
sented by his nephew, Lord Clive, to the living of 
Shrawardine, in Shiopshire In 1782 he was pie 
sented by his college to the Rectory of North 
Runcton, Norfolk 

The event which turned his thoughts in the 
duection of astronomy was the solai eclipse of July 
25 1748 , and about the time that he was appointed 
to the curacy of Bainet he became acquainted with 
Bradley, then the Astionomer Royal, to whom he 
gave gieat assistance in the prepaiation of his table 
of refi actions 
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Like Halley before him, he made an astronomical 
expedition to the island of St Helena This was 
for the special purpose of observing the transit of 
Venus of June 6, 1761 Bradley having induced the 
Royal Society to send him out for that purpose 
Heie he stayed ten months, and made many 
observations But though the transit of Venus was 
his special object, it was not the chief result of 
the expedition not because clouds hindered his 
observations, but because the voyage gave him the 
especial bent of his life 

Halley had actually held a captains commission in 
the Ro\al Navy, and commanded a ship , Maskelyne 
moie than any of the Astronomers Royal before or 
since made the improvement of the practical business 
of navigation his chief aim None of all the incumbents 
of the office kept its original charter — To find the 
so much desired Longitude at Sea, for the peifecting 
the Art of Navigation/ so closely before him 

The solution of the problem was at hand at this* 
time — its solution m two different ways On the one 
hand, the offer by the Government of a reward of 
£20000 for a clock or watch which should go so 
peifectly at sea, notwithstanding the tossing of the 
ship and the wide changes of temperature to which 
it might be exposed, that the navigator might at any 
moment learn the true Gieenwich time from it, had 
brought out the invention of Harnsons time-keeper , 
on the other hand the great improvement that had 
now taken place in the computation of tables of the 
moon s motion, and the more accurate star-catalogues 
now procurable, had made the method of * lunars/ 
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suggested a hundred and thntyyeais before by the 
Tienchman, Monn, and others, a practicable one 
In principle, the method of finding the longitude 
fiom ‘lunars/ that is to say, fiom measuiements of 
the distances between the moon and certain stars, is 
an exceedingly simple one In actual practice, it 
involves a very toilsome calculation beside exact 
and caieful observation The principle, as alieady 
mentioned, is simply this The moon travels lound 
the sky, making a complete circuit of the heavens 
in between twenty seven and twenty eight days It 
thus moves amongst the stars, roughly speaking, its 
own diameter, in about an houi When once its 
movements were sufficiently well known to be exactly 
predicted, almanacs could be diawn up in which the 
Greenwich time of its reaching any definite point of 
the sky could be predicted long beforehand , or, what 
comes to the same thing, its distances from a number 
of suitable stars could be given foi definite intervals 
of Greenwich time It is only necessaiy, then, to 
measure the distances between the moon and some of 
these stais, and by comparing them with the distances 
given in the almanac the exact time at Gieenwich 
can be inferied As has been already pointed out, 
the determination of the latitude of the ship and of 
the local time at any place where the ship is, is not 
by any means so difficult a mattei , but the local 
time being known and the Greenwich time, the 
diffeience between these gives the longitude , and 
the latitude having been also ascertained, the exact 
position of the ship is known 

There are, of course, difficulties in the way of 
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working out this method One is that whilst it takes 
the sun but twenty four hours to move round the sky 
from one noon to the next, and consequently its 
movements from which the local time is inferred, are 
fairly rapid, the moon takes nearly twenty eight days 
to move amongst the stars from the neighbourhood 
of one particular star round to that particular star 
again Consequently, it is much easier to determine 
the local time with a given degree of exactness than 
the Greenwich time , it is something like the difference 
of reading a clock from both hands and from the 
hour hand alone 

There are other difficulties in the case which 
make the computation a long and laborious one, and 
difficult m that sense , but they do not otherwise 
affect its practicability 

During this voyage to St Helena both when 
outward bound and when returning Maskelyne gave 
the method of * lunars * a very thorough testing and 
convinced himself that it was capable of giving the 
information required For by this time the improve 
ment of the sextant, or quadrant as it then was by 
the introduction of a second mirror, by Hadley had 
lendered the actual observation at sea of lunar dis 
tances and of altitudes generally a much more exact 
operation 

This conclusion he put at once to piactical effect 
and, in 1763, he published the British Manners 
Guide a handbook for the determination of the 
longitude at sea by the method of lunars 

At the same time the other method, that by the 
time keeper or chronometer was practically tested 
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by him The time keeper constiucted by John 
Harrison had been tested by a voyage to Jamaica 
in 1761, and now, in 1763, another time keeper was 
tested in a voyage to Barbadoes Charles Green, the 
assistant at Greenwich Observatory, was sent in 
charge of the chionometer and Maskelyne went with 
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him to test its performance in the capacity of 
chaplain to his Majesty s ship Louisa 

The position which Maskelyne had already won 
for himself as a practical astronomer and the intimate 
relations into which he had entered with Bradley 
and Bliss, made his appointment to the Astronomer 
Royalship, on the deatn of the latter most suitable 
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At once he bent his mind to the completion of the 
revolution in nautical astronomy which his British 
Manners Guide had inaugurated, and in the year 
a fter h! S appomtment he published the first number 
of the Nautical Almanac, together with a volume 
entitled, Tables Requisite to be Used with the Nautical 
Ephemens the value of which was so instantly 
appreciated that ioooo copies were sold at once 
The Nautical Almanac was Maskelyne s greatest 
work and it must be remembered that he carried 
it on from this time up to the day of his death-truly 
a formidable addition to the routine labours of an 
Astronome. R°ya! who had but a single assistant on 
his staff The Nautical Almanac was, however, in 
the mam not computed at the Observatory the 
calculations were effected by computers living in 
different parts of the country, the work being done 
in duplicate, on the principle which Flamsteed had 
inaugurated in the pieparation of his Histoi m Ccdestis 
Maskelyne s next service to science was almost 
as important He ananged that the regular and 
systematic publication of the observations made at 
Greenwich should be a distinct part of the duties of an 
s ronomer Royal, and he procured an arrangement 
y w ich a special fund was set apart by the Royal 
Society foi printing them His observations covering 
the years l 77 6 to 1S11 fill four large folio volumes, 
and though, as already stated, he had but one 
assistant, they are 90000 in number Thus it was 
Maskelyne who first rendered effective the design 
which Charles II had in the establishment of the 
Observatory Flamsteed and Halley had been too 
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jealous of their Qwn observations to publish , Biadley’s 
observations — though he himself was entirely free 
from this jealousy — were made, after his death, the 
subject of litigation by his heirs and representatives, 
who claimed an absolute piopeity in them a claim 
which the Government finally allowed None of the 
three, however much then work ultimately tended 
to the improvement of the art of navigation, made 
that their first object Whereas Maskelyne set this 
most eminently piactical object in the foiefront, and 
so gave to the Royal Observatoiy, which under 
his predecessors somewhat lesembled a private 
observatory, its distinctive chai actenstics of a public 
institution 

It fell to Maskelyne to have to advise the 
Government as to the assignment of their great 
reward of £20 000 for the discovery of the longitude 
at sea Maskelyne, while reporting favourably of 
the behaviour of Harrison’s time-keeper, considered 
that the method of ‘lunais’ was far too important to 
be ignoied, and he therefore recommended that half 
the sum should be given to Harrison for his watch, 
whilst the other half was awarded foi the lunar tables 
which Mayer, befoie his death, had sent to the Boaid 
of Longitude This decision, though there can be 
no doubt it was the light one led to much dissatis 
faction on the part of Hainson, who urged his claim 
for the whole grant very vigorously , and eventually 
the whole £ 20,000 was paid him The whole ques 
tion of rewards to chronometer makers must have 
been one which caused Maskelyne much vexation 
He was made the subject of a bittei and most 
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voluminous attack by Thomas Mudge, for having pre 
ferred the work of Arnold and Earnshaw to his own 

Otherwise his reign at the Observatory seems to 
have been a singularly peaceful one, and there is little 
to lecoid about it beyond the patient prosecution 
year by year of an immense amount of sober piactical 
work To Maskelyne, however we owe the practice 
of taking a transit of a star over five wires instead 
of over one and he provided the transit instrument 
with a sliding eye piece to get over the difficulty 
of the displacement which might ensue if the star 
were observed askew when out of the centre of the 
field To Maskelyne too, we owe in a pre eminent 
degiee the orderly form of recording reducing and 
printing the observations Much of the work in this 
direction which is generally ascribed to Airy was 
leally due to Maskelyne Indeed without a wonderful 
gift of organization, it would have been impossible 
to plan and to carry the Nautical Almanac 

Beside the editing of various works intended foi 
use in nautical astionomy or in general computation, 
the chief events of his long reign at Greenwich were 
the transit of Venus in 1769 which he himself 
observed and for which he issued instructions in the 
Nautical Almanac and his expedition in 1774 to 
Scotland, where he measured the deviation of the 
plumb line from the vertical caused by the atti action 
of the mountain Schiehallion, deducing therefrom 
the mean density of the earth to be four and a half 
times that of u ater 

He died at the Observatory February 9 18 ir 
aged 79 leaving but one child, a daughter, who 
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married Mr Anthony Mervin Story, to whom she 
brought the family estates in Wiltshire, inherited by 
Maskelyne on the deaths of his elder brothers, and 
in consequence, Mr Stoiy added the name of 
Maskelyne to his own 

Maskelyne s charactei and policy as Astronomei 
Royal have been sufficiently dwelt upon IIis pnvate 
character was mild, amiable, and generous Eveiy 
astronomer every man of learning found in him a 
brother , ’ and, in particular, when the French Revo- 
lution drove some French astronomeis to this country 
to find a refuge, they received from the Astronomer 
Royal the kindest reception and most delicate 
assistance 

Maskelyne added no instrument to the Observatory 
during his reign, though he impioved Bradley s tiansit 
materially He designed the mural circle, but it was 
not completed until after his death His additions 
to the Observatoiy buildings consisted of thiee new 
rooms in the Astronomer Royals house, and the 
present transit circle room 

John Fond was lecommendcd by Maskelyne 
as his successor at Greenwich At the time of his 
succession he was forty four yeais of age, having 
been boin in 1767 He was educated at Trinity 
College, Cambridge and then spent some considerable 
time tiavelling in the south of Europe and Egypt 
On his return home he settled at Westbury, wheic 
he erected an altazimuth by Troughton, with a two 
and a half-foot circle A boin observer, his observa 
tions of the declinations of some of the principal 
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fixed stars showed that the instrument which 
Maskelynewas using at Gieenwich — the quadrant by 
Bird — could no longer be trusted Maskelyne, m 
consequence, ordered a six foot mural circle from 
Troughton, but did not live to see it installed and 
in 1 8 16 this was supplemented by Troughton s tiansit 
instrument of five inches apertute and ten feet focal 
length 

The introduction of these two important mstiu- 
ments, and of other new mstiuments, together vwth 
new methods of observation, form one of the chief 
characteristics of Pond s administration Under this 
head must be specially mentioned the introduction 
of the meicury trough, both for determining the 
position of the veitical, and for obtaining a check 
upon the flexure of the mural circle in different 
positions , and the use in combination of a pail of 
mural circles foi determining the decimations of 
stars 

Another characteristic of his reign was that under 
him there was the first attempt to give the Astionomci 
Royal a salary somewhat higher than that of i 
mechanic, and to support him with an adequate st iff 
of assistants His salary was fixed at £600 a year, 
and the single assistant of Maskelyne was increased 
to six 

This multiplication of assistants was for the pui 
pose of multiplying observations, for Pond was the 
first astronomer to recognize the importance of greatly 
increasing the number of all observations upon which 
the fundamental data of astronomy were to be 
based 
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I n 1833 he finished his standard catalogue of 
1 1 13 stars, at that time the fullest of any catalogue 
piepared on the same scale of accuracy ‘It is not 
too much to say, was the verdict of the Royal 
Astronomical Society, ‘that meridian sidereal obser- 
vation owes more to him than to all his countrymen 
put together since the time of Bradley 1 

A yet higher testimony to the exactness of his 
work is given by his successor, Airy 

‘The points upon which, in my opinion, Mi Pond's 
claims to the gutitude of astronomers aie founded are 
principally the following and chief, the accuiacy 

which he introduced into all the pnncipal obseivations 
1 his is a thing which, fiom its natuie, it is extiemely difficult 
to estimate now, so long aftei the change has been made 
and I can only say that, so fai as I can asceitam fiom 
bool s, the change is one of veiy gieat extent for certainty 
and accuiacy, astionomy is quite a different thing from 
what it was, and this is mainly due to Mr Pond ’ 


The same authority eulogizes him Anther foi his 
laborious woiking out of eveiy conceivable cause 01 
indication of error in his declination instiuments, foi 
the system which he introduced in the obseivation 
of tiansits, for the thoroughness with which he deter 
mined all his fundamental data, and for the regulai lty 
which he infused into the Greenwich observations 
One lesult of this great mciease of accuracy was 
that Pond was able at once authoritatively to discard 
the erroneous stellar parallaxes that had been an 
nounced by Brinkley, Royal Astronomer for Ireland 
But Ponds admimstiation was open, in seveial 
puticulais, to senous censuie, and the Boaid of 
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Visitors, which had been foi many years but a com 
mittee of the Royal Society, but which had recently 
been leconstituted, proved its value and efficiency by 
the lemonstrances which it addressed to him, and 
which eventually brought about his resignation His 
personal skill and insight as an obseiver were of the 
highest order , but eithei from lack of interest 01 
failing health, he absented himself almost entirely 
from the Obsetvatoiy in later yeais, visiting it only 
every ninth or tenth day He had caused the staff 
of assistants to be increased fiom one to six, but had 
stipulated that the men supplied to him should be 
4 drudges His minute on the subject ran — 

I want indefatigable haidw oiling, and, above all 
obedient diudges (for so I must call them, although they 
aie diudges of a superior older), men who will be contented 
to pass half their day in using then hands and e>cs in the 
mechanical act of obseiving, and the lemaindei of it in 
the dull process of calculation ’ 

This was a fatal mistake, and one which it is very 
hard to understand how any one with a leal interest 
in the science could have made Men who had the 
spirit of diudges, to whom observation was a mere 
* mechanical act, and calculation a dull piocess 
were not likely to maintain the honour of the Obsei 
vatoiy, pai ticularly under an absentee Astronomer 
Royal Pond tiled to overcome the difficulty by 
devising lules for then guidance of iron rigidity 
The result was that after his resignation in 1835, the 
Tirst Lord and the Secretaiy of the Admiralty ex- 
pressed their feeling to Any, Ponds successor, that 
the Observatory had fallen into such a state of 
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disrepute that the whole establishment should be 
cleared out ’ A further evil was the excessive develop 
ment of chronometer business so as practically to 
swamp the leal work of the Observatory, whilst the 
prices paid for the chronometers at this time were 
often much larger than would have been the case 
under a more business like administration 

With all his merits, therefore, as an observer, the 
admmistiation of Pond was, in some respects, the least 
satisfactory of all that the Observatoiy has known, 
and he alone of all the Astionomeis Royal retued 
under pressuie He did not long survive his resig 
nation dying in Septembei, 1836 He was buried 
by the side of Halley, in the churchyard it Lee 

Of Pond’s instruments, the Observatory retains 
the fine tiansit instrument which was constructed by 
Troughton at his dnection, and the muial circle, 
designed by Maskelyne, but which Pond was the 
first to use Both of these have, of course, long been 
obsolete, and now hang on the walls of the transit 
room The small equatorial, called, aftei its donor, 
the Shuckburgh equatonal, was ilso added in Pond s 
day, and though practically never used still lemains 
mounted in its special dome 



CHAPTER IV 

AIRY 

One hunched and sixty years from the day when 
Flamsteed laid the foundation stone of the Obsei- 
vatory, the Royal Wairant undei the sign manual 
was issued appointing the seventh and stiongest 
of the Astronomers Royal, August n 1835 lie 
actually entered on his office in the following Octobei, 
but did not lemove to the Observatory until the end 
of the year 

George Biddell Airy was boin at Alnwick, in 
Northumberland, on July 27, 1801 His father was 
William Airy, of Luddington, in Lincolnshire, a 
collector of excise , his mother was the daughter of 
George Biddell, a well to do faimei of Playford, ncai 
Ipswich He was educated at the Giammar School, 
Colchester, and so distinguished himself there that 
although his father was at this time veiy straitened 
in his circumstances, it was resolved that young Airy 
should go to Cambridge Heie he was entered as 
sizar at Trinity College, and lus lobust, self-reliant 
character was seen in the piomptness with which he 
rendered himself independent of all pecumaiy help 

from his relatives In 1823 he giaduated as Bachelor 
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of Arts being Senior Wi angler and Smith's prize- 
man, entirely distancing all other men of his year 
He had already begun to pay attention to astronomy, 
at fiist fiom the side of optics, to the study of which 
he had been veiy early attracted , a papei of his 
on the achromatism of eye pieces and microscopes, 
written in 1824, being one of especial value In 1826 
he attempted to deteimine f the diminution of gravity 
in a deep mine'— that of Dolcoath, in Coin wall 
In the winter of 1823-24 he was invited to London 
by Mr (afteiwaids Sir) James South, who took him 
amongst other places to Greenwich Observatory 
and gave him his first intioduction to piactical 
astronomy In 1826 he was appointed Lucasian 
Piofessor at Cambridge and in 1828 Plumian P10 
fessoi, with the chaige of the new University Obser 
\atory Pnoi tcf his election he had definitely told 
the electors that the salary proposed was not suffi 
cient foi him to undeitake the responsibility of the 
Observatoiy He followed this up by a formal 
application foi an incicase, which created not a little 
commotion at the time, the action being so unpie 
cedented , and after a delay of a little over a year 
he obtained what he had asked foi The delay gave 
use, however, to the lcmark of a local wit that 
the Umveisity had given 'to Airy, nothing a local 
habitation and a name 

The seven years which lit spent in the Cambiidge 
Observatory weie the best possible preparation for 
that greater charge which he was to assume later 
When he entered on his duties the Obsei vatory had 
been completed four yeais, but no obseivations had 
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been published , there was no assistant and the only 
instruments were a couple of good clocks and a 
transit instrument But Airy set to work at once 
with so much energy that the obseivations for 1828 
were published early in the following year, and he 
had very quickly woiked out the best methods for 
correcting and reducing his obseivations In 1829 an 
assistant was granted to him, in 1833 a second, and 
in the latter year Mi Baldrey, the senior assistant, 
observed about 5000 transits, and Mr Glaisher, the 
junior, about the same number of zenith distances 
A s)ndicate had been appointed at Cambridge 
for the purpose of visiting the Observatoiy once in 
each term, and making an annual report to the 
senate A smaller minded and less acute man than 
Airy might have resented such an arrangement He, 
on the contrary, threw himself heaitily into it, and 
made such formal written leports to the syndicate as 
best helped them in the performance of their duty, 
and at the same time secured foi the Observatory 
the support and assistance which from time to time 
it required On his appointment to Greenwich, he 
at once enteied into the same relations to the Board 
of Visitois of that Observatoiy, and fiom that time 
forth the faction that had occasionally existed 
between the Boaid and the Astronomer Royal in 
the past entnely ceased The Board was henceforth 
no longei a body whose chief function was to reprove, 
to check, or to quicken the Astionomci Royal, but 
rather a company of experts befoie whom he might 
lay the necessities of the Observatory, that they in 
turn might present them to the Government 
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Such ^presentations were not likely to be in 
vam T or as Mr Sheepshanks has left on record— 

When Mi Airy wants to carry anything into effect by 
Crovernment assistance, he states, cleuly and buefly, why 
llc wants it what advantages he expects from it and 
what is the piobable expense He also engages to direct 
and superintend the execution mal ing himself peisonally 
lesponsible, and giving his libour giatis When he has 
obtained pei mission (which is very seldom lefused), he 
ai ranges eveiything with extraoidinary piomptitude and 
foi esight, conquers lus difficulties by storm, and piesents 
his lesults and his accounts m peifect ordei, before men 
like 01 myself would have made up oui minds about 
the preliminaries Now, men in office naturally like peisons 
of this stamp There is no trouble, no responsibility no 
delay, no inquiries 111 the House the mattci is done, pud 
for, and published, befoie the seel eis of a gnevance can 
hnd an opportunity to be heard This mode of pioaseding 
is better lehshed by busy statesmen than recommendations 
from influential noblemen 01 fashionable ladies ’ 

His first action towaids the Board was, howevei, 
a veiy bold and independent one He made stiong 
representations on the subject of the growth of the 
chronometei business, which pioved displeasing to 
the Hydrographer, Captain Beaufort, who was one of 
the official visitois, and by his influence the repoit 
was not printed Airy ‘ kept it, and succeeding 
repoits, safe for three yeais, and then the Board of 
Visitors agreed to print them, and four reports were 
printed together, and bound with the Gicenwich 
Obseivations of 1838' 

With the completion of aiiangements which put 
the chronometer business in pioper suboidinatiou to 
the scientific chaige of the Observatoiy, Airy was 
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free to push forward its development on the lines 
which he had already marked out for himself To 
go through these in detail is simply to describe the 
Observatory as he left it Little by little he entirely 
renovated the equipment Greatly as Pond had 
improved the instruments of the Observatory, Airy 
carried that work much further still Though he did 
not observe much himself, and was not Ponds equal 
in the actual handling of a telescope he had a great 
mechanical gift, and the detail in its minutest degree 
of every telescope set up during his long reign was 
his own design 

In the work of reduction he introduced the use of 
punted skeleton forms, to which Pond had been a 
stranger The publication of the Greenwich results 
was carried on with the utmost regulanty, and, in 
sti iking contrast to the reluctance of Tlamstced and 
Halley, he was always most piompt in communicating 
any observations to every applicant who could show 
cause for his request for them 

It is most difficult to give any adequate impression 
of his fai icaching ability and measureless activity 
Perhaps the best idea of these qualities may be 
obtained from a study of his autobiography, edited 
and published some four years aftei his death by his 
son The book, to any one who was not personally 
acquainted with Airy, is heavy and monotonous 
chiefly for the reason that its 400 pages are little but 
a mere catalogue of the woiks which he undertook 
and carried through , and catalogues, except to the 
specialist, aie the dullest of reading To enter into 
the details of his work might fill a library 
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As Astronomer Royal he seems to have inherited 
and summed up all the great qualities of his pre 
decessors Tlamsteeds methodical habits and 
unflagging industry , Halley s interest in the lunai 
theory , Bradley s devotion to star observation and 
catalogue making, Maskelynes promptitude in 
publishing, and keen interest in practical navigation , 
Pond’s lefinement of observation Nor did he allow 
this inheritance to be meiely metaphorical , he made 
it an actual leality He discussed reduced and 
published, in foims suitable for use and comparison 
to day, the whole vast mass of planetary and lunar 
obsei vations made at the Royal Observatory from 
the year 1760 to his own accession, a work of 
prodigious labour, but of propoitionate importance 
Airy has been accused — and with some reason — of 
being a strong, selfish, aggiessive man , yet nothing 
can show more clearly than this gieat work how 
thoroughly he placed the fame and usefulness of the 
Obsei vatory before all personal considerations 
With far less labour he could have carried on a dozen 
investigations that would have bi ought him more 
fame than this gieat enterprise, the purpose of which 
was to lender the work of his predecessors of the 
highest possible use The light in which he regarded 
his office may best be expressed in his own words — 

4 The Obsei vatoiy was expiessly built for the aid of 
astronomy and navigation, foi piotnotmg methods of 
detei mining longitude at sea, and (as thf* cncumstances 
that led to its foundation show) more especially foi deter 
mination of the moon’s motions All these imply, as their 
fiist step the foimation of accuiate catalogues of stars, 
and the determination of the fundamental elements of the 
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sohr system These objects have been steadily put sued 
fiom the foundation of the Observatory in one way by 
Flamsteed in anothei way by Halley and by Biadley in 
the eailier pait of his career in a third form by Biadley 
in his later yeais by Maskelyne (who contributed most 
powei fully both to lunai and to chronometnc nautical 
astronomy), and foi a time by Pond then with impioved 
instiuments by Pond, and by myself for some yeais and 
subsequently with the instiuments now in use It has 
been mvanably my own intention to maintain the pi maples 
of the long established system in pcifect mtc to uty vaiying 
the instiuments, the modes of employing them, and the 
modes of utilizing the observations of calculation and publi 
cation, as the piogiess of science might seem to lequuc 

The result of this keen appiecntion of the essential 
continuity of the Astionomei Royalship has been 
that it is to Airy, more than to any of his predecessors, 
or than to all of them put together, that the high 
reputation of Greenwich Observatory is due Professor 
Newcomb, the greatest living authonty on the subject 
outside our own land — and othei gieat foieign 
astronomers have independently pronounced the 
same verdict — has said — 

* The most useful bianch of astionomyhas hitheito been 
that which, ti eating of the positions and motions of the 
heavenly bodies is piactically applied to the cletumin ition 
of geographical positions on land and it sea The Giecnwich 
Obseivatory has, dmmg the past centuiy, been so fir the 
laigest contributor m this dnection as to give rise to the 
lemaik that, if this bianch of astionomy were entnely lost, 
it could be reconstiucted from the Gieenwich obseivations 
alone 

Early in 1836 Airy pioposed to the Board of 
Visitors the creation of the Magnetic and Mcteoro 
logical department of the Observatory, and m 1840 



AIRY 


“3 

a system of regular two hourly observations was set 
on foot This was the first great enlargement of 
programme for the Observatory beyond the original 
one expiessed in Flamsteed s waiiant It was followed 
in 1873 with the foimation of the Solar Photographic 
department, to which the Spectroscope was added a 
little later 

Though he had objected strongly on his fiist 
coming to the Obscrvatoiy to the excessive time 
devoted to the meiely commercial side of the care of 
chronometeis, yet the perfecting of these instiuments 
was one that he had much at heart, and mnny recent 
appliances are either of his own invention or aie due 
to suggestions which he thiew out 

Much woik lying outside the Obseivatoiy, and yet 
intimately connected with it was carried out either 
by him or in accordance with his directions The 
transit of Venus expeditions of 1874 the delimitation 
of the boundaiy line between Canada and the United 
States, and, later, that of the Oregon boundary, the 
determination of the longitudes of Valencia Cam 
bridge, Edinburgh, Biussels, and Pans , assistance 
in the determination of the longitude of Altona — all 
came under Airys direction Nor did he neglect 
expeditions in connection with what we would now 
call the physical side of astionomy On three 
occasions, 1842, 1851, and i860, he himself personally 
took part in successful eclipse expeditions The 
determination of the increase of gravity obseivable 
in the descent of a deep mine was also the subject 
of another expedition, to the Harton Colliery neat 
South Shields 
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But with all these, and many other mquiiies — for 
he was the confidential advisei of the Goveinment 
m a vast number of subjects lighthouses, railways, 
standaid weights and measuies, drainage bridges — 
he yet always kept the original objects of the 
Observatory in the very first place It was m oidei 
to get more fiequent obseivations of the moon that 
he had the altazimuth erected, which was completed 
in May, 1847 This was followed, in 1851, by the 
tiansit cucle, as he had long felt the need fo- more 
poweiful light giasp m the fundamental instrument 
of the Obseivatoiy The transit circle took the 
place both of the old transit instrument and of the 
mural circle Above all, he ai ranged for the observa- 
tions of moon and stars to be earned out with 
practical continuity The observations weie made 
and reduced at once, and published in such a way 
that any one wishing to discuss them afresh could 
foi himself go over every step of the 1 eduction fiom 
the commencement, and could see precisely what 
had been done 

The greatest addition made to the equipment 
of the Observatory in Airy s day was the election of 
the I2-J inch Merz equatorial, which proved of gicat 
service when spectroscopy became a department of 
the Observatory 

So strong and gifted a man as Airy was bound to 
make enemies, and at diffeient times of his life bittei 
attacks weie made on him from one quarter or 
another One of these, curiously enough, was from 
Sir James South, the man who, as he said, first 
introduced him to practical astronomy Latei came 
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much bitter cuticism, since, as it appeared on the 
surface, it was owing to his supmeness that Adams 
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missed being held the sole discoverer of the new planet, 
and narrowly missed all credit for it altogethei Last 
of all was the vehement attack made upon him by 
Richard Anthony Pioctor, in connection with his 
prepaiations for the tiansit of Venus All such 
attacks, however, simply realized the old fable of 
the viper and the file Attacks which would have 
agonized Hamsteed’s every neive, and have called 
forth full and dignified rejoinders from Maskelyne 
were absolutely and entirely disiegarded by Airy 
He had done his duty, and in his own estimation — 
and it should be added in the estimation of those 
best qualified to judge — had done it well He was 
perfectly satisfied with himself, and what other 
people thought ot said about him influenced him 
no more than the opinions of the inhabitants of 
Saturn 

But great as Airy was, he had the defects of his 
qualities and some of these were serious His love 
of method and order was often carried to an absurd 
extreme, and much of the time of one of the greatest 
intellects of the century was often devoted to doing 
what a boy at fifteen shillings a week could have 
done as well, or better The story has often been 
told, and it is exactly typical of him, that on one 
occasion he devoted an entire afternoon to himself 
labelling a number of wooden cases i empty/ it so 
happening that the routine of the establishment kept 
every one else engaged at the time His friend Dr 
Morgan jocularly said that if Airy wiped his pen on 
a piece of blotting papei he would duly endoise the 
blotting paper with the date and particular of its 
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use, and file it away amongst his papers His mind 
had that consummate grasp of detail which is charac 
tenstic of gieat oiganizers, but the details acquned 
for him an importance almost equal to the gieat 
principles and the statement that he had put a new 
pane of glass into a window would figuie as promi 
neatly in his annual report to the Boaid of Visitois 
as the construction of the new tiansit circle His 
son lemaiks of him that in his last days he seemed 
to be mote anxious to put letters which he received 
into their piopcr place foi lefeience than even to 
master their contents/ his system having grown with 
him from being a means to an end, to becoming the 
end itself 

So too, his regulation of hts subordinates was, 
especially in his earlier days, despotic in the extieme 
— despotic to an extent which would scarcely be 
tolerated in the present day, and which was the 
cause of not a little senous suffering to some of his 
staff, whom, at that time, he looked upon in the tiue 
spirit of Pond as meie mechanical ‘diudges’ Tor 
thirty five yeais of his administiation the salancs of 
his assistants lemained discreditably low, and his 
tieatment of the supernumeraiy members of his staff 
would now probably be characten/ed as * lemoiseless 
sweating* The unfortunate boys who earned out 
the computations of the gieat lunai reductions were 
kept at their desks fiom eight in the morning till eight 
at night, without the slightest intermission, except an 
hour at midday As an example of the extreme 
detail of the oversight which he cxeicised over lus 
assistants, it may be mentioned that he diew up foi 
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each one of those who took part m the Harton 
Colliery expenment, instructions telling them by 
what trains to travel, wheie to change and so forth, 
with the same minuteness that one might for a child 
who was taking his first joui ney alone , and he him 
self packed up soap and towels with the instruments, 
lest his astronomers should find themselves, in Co 
Duiham, out of reach of these necessaries of 
civilization 

A regime so essentially peisonal may indeed have 
been necessary after Ponds admimstiation and to 
give the Observatory a fiesh stait But it would not 
have been to the advantage of the Observatory, had 
it become a permanent feature of its admimstiation, 
as it militated — was almost avowedly intended to 
militate — against the growth of real zeal and intelli- 
gence in the staff and necessarily occasioned labour 
and discomfort out of pioportion to the results 
obtained Fortunately, in Airy’s latei yeais, the 
extension of the work of the Obseivatory a slight 
failing m his own powers, and the efforts he was 
devoting to the working out of the lunar theory 
compelled him to relax something of that micioscopic 
impel lousness which had been the chief characteristic 
of his rule for so long 

Airy had, in the fullest degree, the true spirit of 
the public servant , his sense of duty to the State was 
veiy high He was always ready to undertake any 
duty which he felt to be of public usefulness and 
many of these he dischaigccl without fee 01 reward 

So great an astronomer was necessanly most 
highly esteemed by astronomeis He was President 
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of the Royal Society for two years , he was five times 
Piesident of the Royal Astronomical Society, and 
twice received its gold medal, beside a special testi- 
monial for his reduction of the Greenwich lunai 
observations Trom the Royal Society he received 
the Copley medal and the Royal medal, beside 
honorary titles from the Universities of Oxford 
Cambridge and Edinburgh So invaluable a public 
seivant he leceived the distinction of a Knight 
Comrnandership of the Bath in 1872 He had been 
repeatedly offered knighthood before, but had not 
thought it well to receive it He was in the receipt 
of decorations also from a great numbei of foreign 
countries , for, for many years he was looked up to, 
not only by English astionomers, but by scientific 
men in all countries, as the very head and lepiesenta- 
tive of his science 

And he also received a more popular apprecia 
tion — and most justly so F01 whilst no one could 
have less of the arts of the oidinaiy populaiizei 
about him, no one has ever given popular lcctuics 
on astionomy which moie fully coil esponded to the 
ideal of what such should be than Aliy s six lectures 
to working men, delivered at Ipswich And we 
may count the bestowal upon him of the honoraiy 
fieedom of the City of London in 1875 as one of the 
tokens that his sei vices in this diiection had not 
been unappreciated 

Dunng the last seven yeais of his official caieei 
he undertook the working out of a lunai theoiy, and, 
to allow himself more leisuie foi its completion he 
lesigned his position August 15, 1881, aftei foity six 
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years of office He was now eighty years of age 
and he took up his residence at the White House 
just outside Greenwich Park He resided there till 
his death more than ten years later — Januaiy 2 1892 

Airy was succeeded in the Astronomei Ro^alship 
by the piesent and eighth holder of the office, 
W H M CllLlSTlE He wao bom at Woolwich, in 
1845, his fathei having been Piofessoi Samuel Huntci 
Chnstie, F R S He was educated at Kings College, 
London, and Trinity College, Cambridge, giaduating 
as fourth Wrangler in 1868 In 1870 he was 
appointed chief assistant at Greenwich, in succession 
to Mr Stone, who had become her Majesty’s 
astronomer at the Cape, and in 1881 he succeeded 
Airy as Astronomei Royal 

During Mr Christie s office, the two new depart 
ments of the Astiogiaphic Chart and Double star 
observations have come into being The following 
buildings have been elected under his administia 
tion the great New Obseivatoiy in the south 
ground the New Altazimuth the New Libraiy 
nearly opposite to it, the Transit Pavilion, the 
porters lodge, and the Magnetic Pavilion out m 
the Paik Whilst m the old buildings the Astro 
graphic dome has been added, and the Upper and 
Lower Computing rooms have been lebuilt and en 
larged As to the instruments, the 28 inch refractor, 
the astrographic twin telescope, the new altazimuth 
the 26 inch and 9-mch Thompson photographic re 
fractors, and the 30 inch reflector are all additions 
dunng the piesent reign Roughly speaking therefore 
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we may say that thiee-fouiths of the present Obser 
vatory has been added during the nineteen years 
of the present Astronomer Royal One exceedingly 
impoitant improvement should not be ovei looked 
Airy observed little himself whilst at Gieenwich, 
and had an inadequate idea of the necessity foi 
room m a dome and bieadth in a shutter open- 
ing With the sole exception perhaps of the 
tiansit circle, every instrument set up by Aliy was 
crammed into too small a dome or looked out 
through too narrow an opening The increase of 
shutter opening of the newer domes may be well seen 
by contrasting, say, the old altazimuth or the Sheep 
shanks dome with that of the astrographic This 
reform has had much to do with the success of later 
work 



CHAPTER V 

HIE OBSERVATORA BUILDINGS 

Like a living organism, Greenwich Obsei vatoiy beais 
the record of its life history in its stiuctuie It was 
not one of those favoured institutions that have sprung 
complete and fully equipped from the liberality of 
some great king or private millionane As we have 
seen it was onginally established on the most modest 
— not to say meagie — scale and has been enlaiged 
just as it has been absolutely necessary To quote 
again from Piofessoi Newcomb — 

Whenever any part of it was found insufficient foi its 
purpose, new 100ms weie built foi the special object m 
view and thus it has been growing fiom the beginning by 
a process as natural and simple as that of the giowth of a 
tiee Even now the veiy value of its stiuctuie is less than 
that of seveial othei public obsen atones, though it eclipses 
them all in the lesults of its work 

Enteung the couityard — an enclosure some eighty- 
feet deep by ninety feet in extreme breadth — by the 
great gate we see before us riamsteed House the 
original building of the Obsei vatoiy Flamsteeds 
little domain was only some twenty seven yards 
wide by fifty deep, and for buildings compnsed little 
beyond a small dwelling house on the ground floor 
and one fine room above it This room— the oiigmil 
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Greenwich Observatory — still remains, and is used 
as a council room by the official Board of Visitors, 
who come down to the Observatory on the first 
Saturday in June, to examine into its condition and 
to receive the Astronomer Royals repoit The room 
is called, from its shape, the Octagon Room, and is 
well known to Londoners from the great north 
window which looks out straight over the liver 
between the twin domes of the Hospital 

In Bradleys time about 1749 the first extension 
of the domains of the Observatory took place to the 
south and east of the original building, the direction 
in which on the whole, all subsequent extensions 
have taken place, owing to the fact that the original 
building was constructed at the extremity of what 
Sir George Airy was accustomed to call a ‘peninsula 
— a piojecting spui of the Blackheath plateau, from 
which the giound falls away very sharply on three 
sides and on part of the fourth 

Ihe Observatory domain at present is fully two 
hundied yaids 111 greatest length with an average 
breadth of about sixty Nearly the whole of this 
accession took place under the dnectoiates of Pond 
and Any The present instruments are, therefore, 
as a rule, the more modern in direct proportion to 
their distance from the Octagon Room — the old 
original Observatory There is one notable exception 
The very first extension of the Observatory buildings, 
made in the time of Halley, the second Astronomer 
Royal, consisted in the setting up of a stiong pier, 
to cairy two quadiant telescopes The pier still 
remains, but now forms the base of the suppoit of 
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the twin telescopes devoted to the photographic 
suivey of the heavens for the International Chait 
Standing just within the gate of the courtyard, 
and looking westward, that is toward Tlamsteed 
House we have immediately on our tight hand the 
porters lodge , a little farthei forward also on the 
light, the Transit Pavilion, a small building sheltering 
a portable transit instrument, and farthei forward, 
still on the right, the entrance to the Chronograph 
Room Above the Chionograph Room is a little 
inconveniently-placed dome, containing a small equa 
tonally mounted telescope, known as the Shuckburgh 
Beyond the Chronograph Room a dooi opens on to 
the North Terrace, over which is seen the great noith 
window of the Octagon Room Close by the door of the 
Chronograph Room a gieat wooden stancase rises to 
the roof of the main building It is not an attractive 
looking ascent, as the steps overlap inconveniently 
Still, there is no lecord of an accident upon them, 
and those who venture on the climb to the roof’ 
where are placed the anemometers and the turret 
carrying the time ball, which is dropped daily at 
i p m , will be well repaid by the splendid view of 
the river which is there afforded to them 

Passing under this staircase, on the wall by its 
side is seen the following inscription 

Caroius IP Rex Opiimus 
Asironomia 11 Nauiica Al tis 
Patronus Maximus 

SPrCULAM HANC IN U1RIUSQUL COMMODUM 
itch 

Anno D"« MDCLXXVI Rlcni sui XXVIII 
Cuiante Ioni Mooie nnlitc 
R T S G 
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In the extreme angle of the courtyard is the 
entrance to the mean solar clock cupboaid, and to 
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the stau case leading up to the Octagon Room At 
the head of thib stau case in a small closet is the 
^unch for winding up the time ball 
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Coming back into the courtyard and crossing the 
face of the Astronomer Royal’s private house, the 
range of buildings is reached which form the left 
hand or south side of the enclosure Entering the 
fust of these, we find ourselves in the Lowei Com 
putmg Room, which is devoted to the 4 Time Depart- 
ment The next room which opens out of it, as 
we turn eastwards, was Biadley’s Transit Room, but 
is now used for the storage of chronometers Passing 
through Bradley s Transit Room we come to the 
present Transit Room, which brings us close to the 
great gate The range of buildings is, however, con 
tmued somewhat farther, containing on the ground 
floor some small sitting rooms and a fire proof room 
for records 

Turning back to the Lower Computing Room, 
we notice in it the stone pier, already alluded to, 
which was set up by Halley, and formed the first 
addition to the original Observatory of Flamsteed 
The Lower Computing Room itself and Bradleys 
Transit Room were due to the Astronomer aftei 
which the latter is named An iron spiral staircase 
in the middle of the Lower Computing Room leads 
up to the Upper Computing Room, and above that 
to the Astrographic dome so called because the 
twin telescope housed therein is devoted to the work 
of the Astrographic Chart-— a chart of the entire sky 
to be made by eighteen co operating observatories 
by means of photography In this way it is intended 
to secure a record of the places of far more stars than 
could be done by the ordinary methods, and in this 
project Gieenwich has necessarily taken a premier 
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place This is a work which, whilst it is the legitimate 
and natural outcome of the original purpose of the 
Observatoiy, is yet pushed beyond what is necessary 
for any mere utilitarian assistance to navigation Tor 
the sailor it will always be sufficient to know the 
places of a mere handful of the brightest stars, and 
the vast majority of those in the gieat photographic 
map will never be visible in the little portable tele 
scope of the sailor’s sextant But it will be freely 
admitted that in the case of an enterprise of this 
nature, in which the observatories of so many different 
nations were uniting, and which was so precisely on 
the lines of its original charter, though an extension 
of it it was impossible for Greenwich to hold back 
on the plea that the work was not entnely utili- 
t man 

Descending again to the Lower Computing Room, 
and passing through it, not to the east, into Bradley s 
fiansit Room but through a little lobby to the south, 
we come upon an inconvenient wooden staircase 
winding lound a great stone pillar with three rays 
This pillar is the support of Airy’s altazimuth, and 
very nearly marks the place wheie Flamsteed set up 
his original sextant 

Returning again to the Lower Computing Room, 
and passing out to the east, just in front of the Time 
Superintendents desk, we enter a small passage 
lunning along the back of Bradley’s Transit Room, 
and from this passage enter the present Transit 
Room near its south end Just before reaching the 
Iransit Room, however, we pass the Reflex Zenith 
lube, a telescope of a very special kind 
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Immediately outside the Transit Room is a stair 
case leading on the first floor to two rooms long used 
as libraries, and to the leads above them, on which 
is a small dome containing the Sheepshanks equa 
tonal These libianes are over the small sitting 

o 

rooms already referied to The fire proof Record 
Rooms, two stones in height terminate this range 
of buildings 

Beyond the Record Rooms the boundary turns 
sharply south, where stands a. large octagonal building 
sm mounted by a dome of oriental appearance, a 
1 circular versatile roof/ as the Visitors would have 
called it a hundred years ago This dome — which 
has been likened according to the school of msthetics 
in which its critics have been seveially trained to 
the Taj at Agra a collapsed balloon, 01 a mammoth 
Spanish onion — houses the largest refractoi in Eng 
land, the 4 South east Equatorial ’ of twenty eight 
inches aperture But, though the largest that England 
possesses, it would appear but as a pigmy beside some 
of the great telescopes for which America is famous 

Beyond this dome the hollow devoted to the 
Astionomer Royals private garden reduces the 
Observatory ground to a mere 'wasps waist, a 
nanow, inconvenient passage from the old and north 
observatory to the younger southern one 

The first building, as the grounds begin to widen 
out to the south, contains the New Altazimuth, a 
transit instiument which can be turned into any 
meridian A library of white brick and a low wooden 

cruciform building — the Magnetic Observatory 

follow it closely 
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This latter building houses the Magnetic Depart 
ment, a depaitment which, though it lies aside from 
the original purposes of the Observatoiy as defined 
in the warrant given to Hamsteed, is yet intimately 
connected with navigation, and was founded by Airy 
very early in his period of office This deals with 
the observation of the changes in the force and 
direction of the earths magnetism, an mquiiy which 
the greater delicacy of modern compasses, and, m 
more recent times, the use of iron instead of wood 
in the construction of ships, has lenclered impel a 
tive 

Closely associated with the Magnetic Department 
is the Meteorological Weather foiecnsts, so necessary 
for the safety of shipping round our coasts, are not 
issued from Gieenwich Observatory, any more than 
the Nautical Almanac is now issued from it But just 
as the Observatory furnishes the astionomical data 
upon which the almanac is based, so also a consider 
able depaitment is set apart for furnishing observa- 
tions to be used by the Mcteoiological Office at 
Westminster for their daily picdictions 

So far, the development of the Observatory had 
been along the central line of assistance to navigation 
But the ‘ Magnetic Depaitment 9 led on to a new one, 
which had but a secondaiy connection with it It 
had been discoveied that the extent of the daily 
range of the magnetic needle, and the amount of the 
disturbances to which it was subjected, were in close 
connection with the numbers and size of the spots 
on the sun’s surface This led to the institution of 
a daily photographic lecord of the state of the suns 
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surface, a record of which Greenwich has now the 
complete monopoly 

Beyond the Magnetic Observatory the giound 
widens out into an area about equal to that of the 
northern part, and the new building just completed 
and which is now emphatically ‘The Observably' 
stands clear before us The tiansfer to this stately 
building of the computing rooms, libranes, and stoie 
rooms has been aptly described as a shift in the 
latitude of Greenwich Obsei vatory, which still pieserves 
its longitude It may be noted that the only two 
buildings of any architectural pietensions in the whole 
range aie — Tlamsteeds original observatoiy, built 
by Sir Christopher Wien and containing little beyond 
the octagon room in the extreme north , and this 
newest building in the extreme south 
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1 Chronogiaph Room 

2 Old Altazimuth Dome 

3 Safe Room 

4 Computing Room 

5 Biadley s Tiansit Room 

6 Transit Circle Room 

7 Assistants Room 

8 Chief Assistant’s Room 

9 Computeis Room 

10 Recoid Rooms 

11 Chronometer Rooms and 

South east Dome 

12 Gieenhouse and Outbuild 

ings 

14 New Libraiy 

15 Magnetic Obser\atoi) 

16 Offices 
19 Sheds 

2? Wmcli Room foi Time 
ball 


24 Porter s Lodge 

25 New Tiansit Pavilion 

26 New Altazimuth Pavilion 

27 Museum New Building 

28 South Wing 

29 North Wing , 

30 West Wing , 

31 Last Wing „ 

F Rooms built foi Flamsteed 
FI Added by Halley 
B „ Bradley 

M „ Maskelyne 

A „ Auj 

F T riamsteed s boundaries 
M'M Maskelyne’s , 1790 

P'P Ponds „ 1814 

A A Aliy’s „ 1837 

A' A' Aliy’s 1868 
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This ‘New Observatory/ like the old, and like 
the great South-eastern tower, is an octagon in its 
central portion But whilst the two other great 
buildings aie simply octagonal, here the octagon 
serves only as the centre from which radiate foui 
gieat wings to the four points of the compass The 
building is by far the largest on the ground, but m 
little accord with the popular idea of an astionomer 
as peipetually looking through a telescope, carries 
but a single dome , its best rooms being set apart 
as ‘ computing rooms/ for the use of those members 
of the staff who are employed in the calculations and 
other clerical work, which form, after all much the 
greater portion of the Obseivatory routine 

An observer with the transit instrument, foi 
instance, will take only three 01 four minutes to make 
a complete determination of the place of a single 
star But that observation will furnish work to the 
computers for many hours afterward* Or to take 
a photograph of the sun will occupy about five 
minutes in setting the mstiument, whilst the actual 
cxposuie will take but the one thousandth part of a 
second But the plate, once exposed, will have to 
be developed, fixed, and washed , then measured, and 
the measures 1 educed, and, on the average will piovide 
one pel son with work for foui days before the final 
results have been printed and published 

It is easy to see then, that observing though the 
fiist duty of the Observatoiy, makes the smallest 
demand on its time The visitor v ho comes to the 
Observatory by day (and none are permitted to do 
so by night) finds the official rooms not unlike those 
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of Somerset House or Whitehall, and its occupants 
for the most part similaily engaged in what is, 
apparently, merely clerical work An examination 
of the big folios would of course show that instead of 
being ledgers of sales of stamps, or income-tax 
schedules, they referred to stars, planets, and sun 
spots , but for one person actively engaged at a 
telescope, the visitor would see a dozen wilting or 
computing at a desk 

The staff, like the building, is the result of a 
giadual development and bears traces of its life 
history in its composition First comes the Astrono- 
mer Royal, the representative and successor of the 
original * Kings Astronomer,’ the Rev John Flam- 
steed But the * single surly and clumsy labourer, 
which was all that the 1 Merry Monarch’ could grant 
for his assistance, is now represented by a large and 
complex body of workers , each varied class and 
lank of which is a lelic of some stage in the progiess 
of the Observatory to its piesent condition 

The following extiact from the Annual Report of 
the Astronomer Royal to the Board of Visitors June, 
1900, describes the piesent personnel of the establish 
ment — 

‘ The staff at the present time is thus constituted, the 
names in each class being arranged in alphabetical 
older — 

c Chief assistants— Mi Cowell, Mr Dyson 
‘ Assist mts — Mr Hollis, Mr Lewis Mr Maunder, Mi 
Nash, Mr Thackeiay 

‘ Second class assist mts — Mi Bryant, Mi Crommelin 
‘ Clerical a sistant — Mr Outhwaite 
Established computers— Mi Bowyer Mi Davidson 
Mr Edncy, Mr Fuiner, Mi Rendell, and one vacancy 
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6 The two second class assistants will be replaced by 
higher grade established computers as vacancies occui 
‘ Mr Dyson and Mi Cowell have the general supenn 
tendence of all the work of the Obseivatory Mi Maundei 
is chaiged with the heliographic photogiaphy and leduc 
tions, and with the preparation of the Libraiy Catalogue 
Mi Lewis has charge of the time signals and chiono 
meteis and of the 28 inch equatonal Mi Thackeiay 
supei intends the miscellaneous astronomical computa 
tions including the preparation of the new Ten Yeai 
Catalogue Mr Hollis has chaige of the photogiaphic 
mapping of the heavens, the measuiement of the plates, 
and the computations for the Astrographic Catalogue 
Mr Cromnaelm undertakes the altazimuth and Sheep 
shanks equatorial reductions, and Mr Bryant the tiansit 
and meridian zenith distance reductions and time detei 
minations In the magnetic and meteorological biancli, 
Mr Nash has charge of the whole of the work Mr Outh 
waite acts as responsible accountant officer has charge of 
the library, records, manuscripts and stoics, and conducts 
the official conespondence As regards the established 
computers, Mr Bowyei, Mr Turner, Mr Davidson, and 
Mi Rendell assist Mi Lewis Mi Thacleiay Mi Hollis, 
and Mi Biyant respectively and Mi Edney assists Mr 
Nash 

Theie aie at the present time twenty fom supei mime 
laiy computers employed at the Obseivatoiy ten being 
attached to the astronomical bianch, two the chionometer 
bianch six to the astiographic one to the heliographic 
four to the magnetic and meteoiological, and one to the 
clerical 

‘A foi email of worl s with two caipenters, and two 
labouieis a skilled mechanic with an assistant a gate 
porter, two messengeis, a watchman a gaidener, and a 
chai woman, aie also attached to the Observatory 

‘The whole number of peisons regularly employed at 
the Observatoiy is fifty three 

The day woik, as said before, is by far the 
greatest in amount, the ‘ office hours being from 
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rune till half past four, with an hours interval The 
airangements for the night watches present some 
complications 

For many years the instruments in legular use 
weie two only the transit circle and the altazimuth 
The arrangements foi observing weie simple Tour 
assistants divided the work between them thus an 
assistant was on duty with the transit circle one day, 
his watch beginning about six a m or a little later, 
and ending about thiee the following moinmg , 
a watch of twenty one hours in maximum length 
The second day his duties were entirely computa 
tional, and were only two or thiee hours in length 
The third day he had a full days woik on the 
calculations, followed by a night duty with the altazi 
muth The latter instrument might give him a very 
easy watch or a terribly seveie one If the moon 
were a young one it was easy especially if the night 
was clear as in that case an hour was enough to 
secure the observations required 

Veiy diffeient was the case with a full moon, 
especially in the long often cloudy, nights of wintei 
Then a vigilant watch had to be kept from sunset to 
sunrise, so that in case of a short break in the clouds 
the moon might yet be observed Such a watch was 
the seveiest (with one exception) that an assistant 
had to undergo 

His fouith day would then resemble his second, 
and with the fifth day a second cycle of his quartan 
fever would commence, the symptoms following each 
other in the same sequence as befoie 

Such a routine carried on with iron inflexibility 
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was exceedingly trying as it was absolutely im- 
possible for an observer to keep any regularity m his 
houis of rest or times for meals 

This routine has been considerably modified by 
the present Astronomer Royal partly because the 
instruments now in regular daily use are five instead 
of two, and partly because a less stringent system has 
proved not merely far less wearing to the observers, 
but also much more prolific of results It was 1m 
possible for a man to be at his best for long under 
the old regime, and fi om forty six to forty seven has 
been an ordinary age for an assistant to break down 
under the strain 

One point in which the observing work has been 
lightened has been in the discontinuance of the 
altazimuth observations at the full of the moon 
another in the shortening of the hours of the transit 
circle watch , and a further and most important one 
in the arrangement that the observers with the laiger 
instruments should have help at their work The 
net result of these changes has been a most striking 
increase in the amount of work achieved Thus, 
whilst in the year ending May 20 1875, 3780 transits 
were taken with the tiansit circle, and 3636 detei 
minations of north polar distance, in that ending 
May 10 1893 the numbers had risen to 11,240 and 
1 1,006 respectively, the telescope remaining precisely 
the same 

One principle of Airy’s rule still remains So far 
as possible no observer is on duty for two consecutive 
days, but a long day of desk work and observing is 
followed by a short day of desk work without 
observing 
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It will be readily understood that with five 
principal telescopes in constant work and one or two 
minor ones, some demanding two observers, others 
only one, each telescope having its special progiamme 
and its special hours of work, whilst by no means 
every member of the staff is authorized to observe 
with all instruments indifferently, it becomes a some- 
what mtucate matter to arrange the weekly rota in 
strict accordance with the foiegoing pi mciple, and 
with the further one, that whilst a considerable 
amount of Sunday obsei ving is inevitable, the average 
duty of an observer should be three days a week, 
not seven days a foitnight There is a story, re- 
ceived with much reserve at Cambridge, that theie 
was once a man at that umveisity who had mastered 
all the colouis and combinations of shades and 
colours of the various colleges and clubs If so 
gifted a being ever existed, he may be paralleled by 
the Gieuiwich assistant who can pi edict foi any 
future epoch the sequence of duties throughout the 
entire establishment At any rate, one of the fiist 
items in the week s piogiammc is the preparation of 
the rota for the week, or rather, to use an ecclesi- 
astical term, foi the ‘ octave/ 1 e from the Monday 
to the Monday following 

The special work to be earned out on any tele- 
scope is likewise a matter of piogramme For the 
transit cncle a list of the most important objects to 
be observed is supplied foi the observer’s use, and 
the general lines upon which the othei stai s are to 
be selected fiom a huge ‘Working Catalogue’ are 
well understood With some of the othei telescopes 
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the principles upon which the objects are to be 
selected are laid down, but the actual choice is left to 
the disci etion of the observer at the time There is 
no time for the watcher to spend in what the out 
sider would regaid as discovery ’ , such as sweeping 
for comets or asteroids, hunting for variable stars, 
sketching planets, and so foith Indeed, there is a 
story current in the Observatory that some fifty 
years ago, when the tide of asteroid discovery 
fiist set in, Airy found an assistant, since famous 
working with a telescope on his off-duty’ night 
That stern disciplinarian asked what business the 
assistant had to be there on his free night, and on 
being told he was ‘searching for new planets,’ he 
was severely reprimanded and ordered to discontinue 
at once A similar energy would not meet so gruff 
a discouiagcment to day , but the routine work so 
fully occupies both staff and telescopes that an 
assistant may be most thoroughly devoted to his 
science, and yet pass a decade at the Obseivatory 
without ever seeing those ‘ show places ’ of the sky 
which an amateur would have run over in the first 
week aftei receiving his telescope For example, 
there is no refi actor in the British Isles so competent 
to bring out the vivid green light of the great Orion 
nebula that marvellous mass of glowing, curdling, 
emerald cloud — or the indescribable magnificence 
of the myriad suns that cluster like swarming bees 
or the giapes of Eshcol in the constellation of 
Hercules, yet probably most of the staff have 
never seen either spectacle thiough it The pio- 
fessional astronomer who is woith his salt will find 
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abundance of charm and interest in his work, but he 
will not 


‘ Lil e a girl, 

Valuing the giddy pleasures of the eyes, 

consider the chaim to lie mainly in the occasional 
sight of wondeiful beauty which his woik may bring 
to him nor the interest in some chance phenomenon 
which may make his name known 

It is not every field of astronomy that is cultivated 
at Greenwich The search for comets and for ‘pocket 
planets’ forms no pait of its piogramme, and the 
occupation so fascinating to those who take it up, of 
drawing the details on the surfaces of the moon, 
Mars, Jupiter, or Saturn, has been but little followed 
Such woik is here incidental, not fundamental, and 
the same may be said of ceitam spectioscopic 
observations of new 01 variable stars, and of many 
similar subjects Woik such as this is most intei est 
ing to the general public, and is followed with much 
devotion by many amateur astronomers For that 
veiy reason it does not foim an integral pait of the 
piogramme of our State observatory But woik 
which is necessary foi the general good, or for the 
advancement of the science, and which demands 
observations carried on continuously for many years, 
and strict unity of instruments and methods, cannot 
possibly be left to chance individual zeal, and is 
therefore rightly made the first object at Green- 
wich 

Those staking discovenes which from time to 
time appeal strongly to the popular imagination 



144 


THE ROYAL OBSERVATORY 


and which have rendered so justly famous some of 
the great observatoi les of the sister continent, have 
not often been made heie 

Its work has, none the less, been not only useful 
but essential A century ago, when we were engaged 
in the hand to hand struggle with Napoleon, by far 
the most brilliant part of that naval war which we 
waged against the Fiench, and the most pioductive 
of prize money, was carried on by our cruisers who 
captured valuable prizes in every sea But a much 
greater service, indeed an absolutely vital one, was 
rendered to the State by those line of battle ships 
which were told off to watch the harbours wherein 
the I rench fleet was taking refuge This was a 
work void of the excitement, interest, and profit of 
ciuismg It was monotonous, wearing, and almost 
inglorious, but absolutely necessary to the very 
existence of England So the continuance for more 
than two centuries of daily obseivattons of places 
of moon, stars, and planets is likewise ‘ monotonous, 
wearing, and almost inglorious , the one compensa 
tion is that it is essential to the life of astronomy 
The eight Astronomers Royal have, as already 
said, kept the Observatoi y strictly on the lines 
originally laid down for it, subject of course, to that 
enlargement which the growth of the science has 
inevitably brought But had they been inclined to 
change its course, the Board of Visitors has been 
specially appointed to bring them back to the right 
way As already mentioned in the account of 
Flamsteed, the Boaid dates from 1710, when it 
piactically consisted of the President and Council 
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of the Royal Society Its Royal warrant lapsed on 
the death of Queen Anne and was not lenewed at 
the accession of the two following sovereigns , but 
in the reign of George III a new wariant was issued 
under date February 22 1765 , and this was lenewed 
at the accession of Geoige IV When William IV 
came to the throne, the constitution of the Board 
was extended so as to give a lepresentation to the 
new Royal Astronomical Society, founded in 1820 
The Piesident of the Royal Society is still chair- 
man of the Board, but the Admnalty, of which the 
Observatory is a department, the two Universities 
of Oxford and Cambridge, and the Royal Astro 
nomical Society are all lepiesented on it by ex 
officio members and twelve other members are 
contributed by the Royal and Royal Astronomical 
Societies respectively six by each The first Satur 
day in June is the appointed day foi the annual 
inspection by the Board, and for the presentation 
to it of the Astronomei Royals Report To this 
all important business meeting has been added 
something of a social function, by the invitation of 
many well known astronomers and the leading men 
of the allied sciences to inspect the lesults of the 
yen, and to partake of the chocolate and ciacknels, 
which have been the traditional refreshments offered 
on these occasions for a period ‘ whereof the memoiy 
of man runneth not to the conti ary ’ 


K 



CHAPTER VI 

THE TIME DEPAPTMENT 

One day two Scotchmen stood just outside the main 
entrance of Greenwich Observatory, looking intently 
at the gieat twenty-foui houi clock, which is such an 
object of attention to the passeis through the Park 
Jock 5 said one of them to the other, * d ye ken whaur 
ye are?’ Jock admitted his ignorance ‘Ye are at 
the vaia cecntre of the airth 

Geographers tell us that there is a sense in which 
this statement as it stands may be accepted as true 
For if the surface of the globe be divided into two 
hemispheies, so related to each other that the one 
contains as much land as possible, and the othei as 
little, then London will occupy the centre or there 
abouts of the hemisphere with most land 

This was not, however, what the Scotchman 
meant He meant to tell Ins companion that he was 
standing on the prime meridian of the woild, the 
imaginary base line fiom which all distances, east or 
west, aie reckoned , in short, that he was on ‘Longi 
tude Nought' 

He was not absolutely correct, however, for the 
great twenty four-hour clock does not mark the exact 
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meridian of Greenwich To find the instrument 
which marts it out and defines it we must step inside 
the Observatory precincts, and just within the gate 
we see before us on the left hand a door which leads 
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through a little lobby sti light into the most impoitant 
room of the whole Observatory — the Transit Room 
This room is not well adapted for representation 
by artist or photogiapher Tour broad stone pillars 
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occupy the greater part of the space and leave little 
more than mere passage room beside Two of these 
pillar* are tall, as well as broad and massive, and 
stand east and west of the centre of the room, 
carrying between them the fundamental instrument 
of the Observatory the transit cucle The optical 
axis of this telescope marks ‘ Longitude Nought, 
which is furthei continued by a pan of telescopes 
one to the north of it the othei to the south, mounted 
on the third and fouith of the pillars alluded to 
above 

This room has not always maiked the meridian 
of Greenwich, for it stands outside the original 
boundary of the Observatory But it is only a few 
feet to the east of the first tranbit instrument which 
was set up by Halley, the second Astronomer Royal, 
in the extreme N -W corner of the Observatoiy 
domain, a distance equivalent to veiy much less than 
one tenth of a second of time, an utterly insensible 
quantity with the instruments of two hundied years 
ago 

It would be a long story to tell in detail how the 
Greenwich transit room has come to define one of 
the two fundamental lines that encircle the earth 
The othei, the equator, is fixed for us by the earth 
itself, and is independent of any political considera 
tions, or of any effort or enterprise of man But of 
all the infinite number of great circles which could be 
drawn at right angles to the equator, and passing 
thiough the noith and south poles, it was not easy to 
select one with such an overwhelming amount of 
argument in its favour as to obtain a practically 
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universal acceptance The mendians of Jerusalem 
and of Rome have both been urged, upon what we 
may call religious or sentimental grounds that of 
the Great Pyramid at Ghizeh has been pressed 111 
accordance with the fantastic delusion that the 
Pyramid was erected under Divine inspiration and 
direction , that of Ferro, in the Canaries, as being an 
oceanic station, well to the west of the Old World, 
and as giving a base line without piefeience or 
distinction for one nation rather than another 

Ihe actual decision has been made upon no such 
grounds as these It has been one of pure practical 
convenience, and has lesultcd from the amazing 
growth of Gieat Bntam as a naval and commeicial 
power Like Tyre of old she is ‘ situate at the entiy 
of the sea a merchant of the people for many isles,* 
and her merchants are the great men of the earth 
To tell in full therefore, the steps by which the 
Greenwich meridian has oveicome all otheis is 
piactically to tell again, from a diffeient standpoint, 
the story of the * expansion of England The need 
for a supieme navy, the development of oui empnc 
beyond the seven seas, the vast increase of our 
carrying trade — these have made it necessary that 
Englishmen should be well supplied with maps and 
charts The hydrographic and geographic suiveys 
carried on either officially by this country, or by 
Englishmen in then own private capacity, have been 
so numerous, complete, and fai reaching as not only 
to outweigh those of all other countries put together, 
but to induce the surveyors and explorers of not a 
few other countries to adopt in their work the same 
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pnme meridian as that which they found in the 
British charts of regions bordering on those which they 
weie themselves studying Naturally the meridian 
of Greenwich has not only been adopted for Great 
Britain, but also for the Bntish possessions ovei sea, 
and,fiom these, for a large number of foreign countries, 
whilst our American cousins retain it, an historic relic 
of their foimer political connection with us The 
victories of Clive at Aicot and Plassy, of Nelson at 
the Nile and Trafalgar the voyages and smveys of 
Cook and Flinders, and many more , the explorations 
of Bruce Park, Livingstone, Speke, Cameron, and 
Stanley , these are some of the agencies which have 
tended to fix ‘Longitude Nought’ in the Greenwich 
Transit Room 

There are two somewhat different senses in which 
the meridian of Greenwich is the standard meridian 
for ^early the entire world The first is the sense 
about which we have already been speaking, it 
constitutes the fundamental line whence distances 
east and west are measured, just as distances noith 
and south are measured from the equatoi But there 
is another, though related sense, in which it has 
become the standaid It gives the time to the world 

There are few questions more frequently put than 
i What time is it ?> ‘Can you tell me the true 
time ? ’ A sticklei for exactitude might reply, ‘ What 
kind of time do you mean ? ’ ‘Do you mean solar 
or sidereal time ? ’ ‘Apparent time or mean time ? 

‘ Local time or standard time ? ’ There are all these 
six kinds of time, but it is only within the last two 
generations, within, indeed, the reign of our Sovereign 
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Queen Victoria, that the subject of the differences of 
most of these kinds of time has become of pressing 
importance to any but theorists 

In one of the public gardens of Pans a little 
cannon is set up with a burning glass attached to it 
in such a manner that the sun itself fires the cannon 
as it reaches the meridian This, of course, is the 
time of Pans noon — apparent noon — but it would be 
exceedingly impiudent of any travcllei through Pans 
who wished, say, to catch the one o’clock express, 
to set his watch by the gun For if it happened to 
be in Tebruaiy, he would find when he leached the 
1 ailway station that the station clock was faster than 
the sun by nearly a full quaiter of an hour, and that 
his train had gone , whilst towards the end of October 
or the beginning of November, he would find himself 
as much too soon 

Until machines for accurately measuring time 
were invented, apparent time — time, that is to say, 
given by the sun itself as by a sun dial — was the 
only time about which men knew 01 cared But 
when reasonably good clocks and watches were made, 
it was veiy soon seen that at different times in the 
year there was a marked difference between sun-dial 
time and that shown by the clock, the leason being 
simply that the apparent late of motion of the sun 
acioss the sky was not always quite the same, whilst 
the movement of the clock was, of course, as regular 
as it could be made 

This difference between time as shown by the 
actual sun and by a perfect clock is known as the 
‘ equation of time ’ It is least about April 1 5 J une 1 5 
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August 31, and December 25 It is greatest, the sun 
being after the clock, about Februaiy 1 1 , and the sun 
being befoie the clock, about Novembei 2 Flamsteed, 
before he became Astronomer Royal, investigated the 
question, and so clearly demonstrated the existence, 
cause and amount of the equation of time as entirely 
to put an end to controversy on the subject 

We had thus, early in the century, the two kinds 
of time in common use, apparent time and mean time, 
or clock time But as the sun can only be on one 
particular meridian at any given instant, the time as 
shown by the clocks in one paiticular town will differ 
from that of another town several miles to the east 
or west of it It is thus noon at Moscow 1 hr 36 mm 
before it is noon at Beilin and noon at Berlin 54 mm 
befoie it is noon in London 

This was all well enough known, but occasioned 
no inconvenience until the intioduction of lailway 
travelling , then a curious difficulty arose Suppose 
an expiess tram was running at the rate of sixty 
miles an hour from London to Bristol The guard 
of the tiain sets his watch to London time before he 
leaves Paddington, but if the vanous towns through 
which the train passes Reading Swindon etc, each 
keep their own local time, he will find his watch 
appaiently fast at each place he reaches , but on his 
leturn journey, if he sets to Bristol time before starting, 
he will in a similar way find it apparently slow by 
the Swindon, Reading and Paddington clocks as he 
reaches them in succession 

It became at once necessaiy to settle upon one 
uniform system of time for use in the 1 ail way guides 
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Apart from this, a passenger taking train, say, at 
Swindon, might have been \ery troubled to know 
whether the advertised time of his train was that of 
Exeter, the place whence it staited or Swindon, the 
station where he was getting in, or London, its 
destination 4 Railway time,’ therefore, was very 
early fixed for the whole of Gieat Britain to be the 
same as London time which is, of course, time as 
detei mined at Greenwich Obseivator} At first it 
was the custom to keep at the various stations two 
clocks, one showing local time, the other 4 railway or 
Greenwich time, or else the clocks would be provided 
with a double minute hand, one branch of which 
pointeu to the time of the place, the other to the time 
of Greenwich 

It was soon found, however, that theie was no 
sufficient reason for keeping up local time Even m 
the extieme West of England the difference between 
the two only amounted to twenty three minutes and 
it was found that no practical inconvenience resulted 
from saying that the sun rose at twenty three minutes 
past six on Maich 22, rather than at six o’clock 
The hours of work and business were practically put 
twenty three minutes carliei in the day, a change of 
which very few people took any notice 

Other countnes besides England felt the same 
difficulty, and solved it in the same way, each countiy 
as a rule taking as its standard time the time of its 
own chief city 

There were two countnes for which this expedient 
was not sufficient — the United States and Canada 
The question was of no importance until the iron 
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road had linked the Atlantic to the Pacific in both 
countiies Then it became pressing No fewer than 
seventy different standaids pievailed in the United 
States only some twenty years ago The case was 
a very different one heie from that of England wheie 
east and west diffeied in local time by only a little 
over twenty minutes In Noith America, in the 
extreme case, the difference amounted to four houis, 
and it seemed asking too much of men to call eight 
o'clock in their morning or it might be foui o clock 
in their afternoon, then noonday 

The device was theiefore adopted of keeping the 
minutes and seconds the same for all places right 
across the continent, but of changing the hour at 
eveiy 15 0 of longitude The question then aiose 
what longitude should be adopted as the standard 
The Amei leans might very naturally have taken their 
standaid time fiom their great national observatory 
at Washington, or from that of their chief city, New 
Yoik, or of their principal central city, Chicago But, 
guided partly no doubt by a desire to have their 
standaid times conespond directly to the longitudes 
of then maps and partly fiom a desire to fall in if 
possible, with some universal time scheme, if such 
could be brought forward, they fixed upon the 
mendian of Gieenwich as their ultimate reference 
line, and defined their various houi standaids as 
being exactly so many hours slow of Gieenwich mean 
time 

The decision of the United States and of Canada 
brought with it latei a similar decision on the part of 
all the principal States of Europe, and Greenwich is 
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not only 'Longitude Nought’ for the bulk of the 
civilized woild, but Greenwich mean time, increased 
or decreased by an exact number of hours or half 
hours, is the standard time all over the planet 

No, the statement lequues correction Two 
countries hold out, both close to our own doors 
France, instead of adopting Greenwich time as such, 
adopts Pans timeless 9 m 21 s (that being the precise 
difference in longitude between the two national 
obseivatories) Ireland disdains even such a veiled 
suriender, and Dublin time is the only one recognized 
from the Hill of Howth to far Valentia So the 
distiessful country preserves her old gnevance that 
she does not even get hei time until after England 
has been served 

The alteration in national habits following on the 
adoption of this European system has had a very 
peiceptible effect in some cases Thus, Switzeiland 
has adopted Mid Fuiopean time one houi fast of 
Greenwich , the true local time for Berne being just 
half an houi latei The result of putting the working 
houis this thirty minutes earlici in the day has had 
such a noticeable effect on the consumption of gas as 
to lead the gas company to contemplate agitating for 
a return to the old system 

Thus, Gieenwich time, as well as the Gieenwich 
meridian, has practically been adopted the woild over 

It follows, then, that the determination of time is 
the most important duty of the Royal Obseivatory , 
and the Time Department, the one to which is 
entrusted the duty of determining, keeping, and 
distributing the time, calls for the first attention 
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Entering the transit room the fust thing that 
strikes the visitor is the extreme solidity with which 
the great telescope is mounted It turns but in one 
plane, that of ‘ longitude nought,’ and its pivots are 
supported by the pair of gieat stone pillars which we 
have already spoken of as occupying the principal 
part of the tiansit room area, and the foundations 
of which go deep down under the surface of the hill 
On the west side of the telescope, and rigidly 
connected with it, is a large wheel some six feet m 
diameter and with a number of wooden handles 
attached to it, lesembling the steering-wheel of a large 
steamer This wheel carries the setting circle, which 
is engraved upon a band of silver let into its face 
near its circumference, a similar circle being at the 
back of the wheel nearer the pillar Eleven micro- 
scopes, of which only seven arc ordinarily used, 
penetrate through the pier and are directed on to 
this second cucle 

The present transit is the fourth which the 
Observatory has possessed, and its three predecessors, 
known as Halley s, Bradley’s and Troughton s, 
lespectively, are still preserved and hang on the walls 
of the transit room affording by their comparison 
an interesting object lesson in the evolution of a 
modern astronomical instrument 

The watcher who wishes to observe the passing of 
a stai must note two things he must know in what 
direction to point his telescope, and at what time to 
look foi the star Then, about two minutes before 
the appointed time, he takes his place at the eye- 
piece As he looks in he sees a number of vertical 
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lines across his field of view These are spider 
threads placed in the focus of the eye piece Pre 
sently, as he looks a blight point of silver light often 
surrounded by little flashing, vibrating rays of colour, 
comes moving quickly, steadily onward — < swims 
into his ken/ as the poet has it The watcher s hand 
seeks the side of the telescope till his finger finds a 
little button over which it poises itself to stake On 
comes the star * without haste without rest till it 
reaches one of the gleaming threads Tap 1 The 
watchers finger falls sharply on the button Some 
three or four seconds later and the star has reached 
another ‘wne, as the spider threads are commonly 
called Tap 1 Again the button is struck Another 
brief interval and the third wire is reached and so on, 
until ten wires have been passed, and the transit is 
over The intervals are not, however all the same, 
the ten wires being grouped into three sets, two of 
three apiece and the third of four 

Each tap of the observer s finger completed for an 
instant an electric circuit and recorded a mark on the 
chronograph ’ This is a large metal cylinder covered 
with paper, and turned by a carefully-regulated clock 
once in every two minutes Once in every two 
seconds a similar mark was made by a cunent sent 
by means of the standard sidereal clock of the 
Observatory The paper cover of the chionogiaph 
after an hour s work shows a spiral trace of little dots 
encircling it some thirty times These dots are at 
regular intervals, about an inch apart, and are the 
marks made by the clock Intel spersed between 
them are certain other dots, in sets of ten , and these 
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are the signals sent from the telescope by the transit 
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observer If, then one of the clock dots and one of 
the observers dots come exactly side by side, we 
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know that the star was on one of the wires at a given 
precise second If the observer s dot comes between 
two clock dots it is easy, by measuring its distance 
fiom them with a divided scale, to tell the instant the 
star was on the wire to the tenth of a second, or even 
to a smaller fraction Whilst, since the transit was 
taken over ten wires and the distance of each wire 
fiom the centre of the field of view is known, we have 
piactically ten sepaiate observations, and the average 
of these will give a much better detei mination of the 
time of tiansit than a single one would 

But let the watcher be ever so little too slow m 
setting his telescope, or ever so little late in placing 
himself at his eye piece, and the star will have passed 
the wne, and as it smoothly, resistlessly moves on its 
inexorable way, will tell the tardy watchei in a 
language there is no mistaking ‘ Lost moments can 
never be recalled The opportunity let slip, not 
until twenty four houis have gone by will another 
chance come of observing that same star 

It is the stars that are chiefly used in this deter- 
mination, partly because the staisare so many, whilst 
there is but one sun If theiefore, clouds covei the 
sun at the impoitant moment of transit, the astronomer 
may well exclaim, so far as this observation is 
concerned, ‘ I have lost a day 1 ’ The chance will not 
be offeicd him again until the following noon But 
if one star is lost by cloud, there are many otheis, 
and the chance is by no means utterly gone Beside, 
the sun enables us to tell the time only at noon , the 
stars enable us to find it at vanous times throughout 
the entire night , indeed, throughout both day and 
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night, since the brighter stars can be observed in a 
large telescope even during the day 

Theie are two great standard clocks at the 
Observatory the mean solar clock and the sidereal 
clock The latter legisters twenty foui hours in the 
precise time that the earth rotates on its axis A 
‘day’ in our ordinal y use of the term is somewhat 
longer than this , it is the aveiage time from one 
noon to the next, and as the eaith whilst turning 
round on its axis is also travelling round the sun, it 
has to rather moie than complete a lotation in older 
to bring the sun again on to the same meridian A 
solar day is therefore some four minutes longer than 
an actual rotation of the earth i e a sidereal day, as 
it is called, since such rotation brings a star back 
again to the same meridian 

The sidereal clock can therefore be readily checked 
by the observation of star transits, foi the time when 
the star ought to be on the meridian is known If, 
therefore, the comparison of the tiansit taps on the 
chronograph with the taps of the sidereal clock show 
that the clock was not indicating this time at the 
instant of the transit, we know the clock must be so 
much fast or slow Similarly, the difference which 
should be shown between the sidereal and solar 
clocks at any moment is known , and hence when the 
error of the sidereal clock is known, that of the solar 
can be readily found 

It is often quite sufficient to know how much a 
clock is wrong without actually setting its hands 
nght , but it is not possible to treat the Greenwich 
clock so, for it controls a number of other clocks 
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continually, and sends hourly signals out over the 
whole country by which the clocks and watches all 
over the kingdom aie set right 

In the lowei computing room below the south 
window, we find the Time Desk, the head quarters of 
the Time Department This is a very convenient 
place for the depat tment, since one of the chrono- 
meter rooms, formerly Bradley s transit room, opens 
out of the lower computing 100m , the tiansit instru- 
ment is just beyond , it is close to the main gate of 
the Observatory, and so convenient for chronometer 
makers or naval officers bunging chronometers or 
coming for them whilst just acioss the courtyard is 
the chronograph room, with the Battery Basement, in 
which the batteues for the electric cuirents aie kept, 
and the Mean Solar Clock lobby, with the winch for 
the winding of the time ball at the head of the stans 
above it These rooms do not exhaust the teiritory 
of the depai tment, since it owns two other chrono 
meter rooms on the ground floor and first floor 
respectively of the S -E tower 

At the time desk means aie provided for setting 
the clock right veiy easily and exactly Just above 
the desk are a range of little dials and bright brass 
knobs, that almost suggest the stops of a great 
organ 

Two of these little dials are clock faces, electri- 
cally connected with the solar and sidereal standard 
clocks, so that, though these clocks are themselves a 
good way off, in entirely different parts of the Obser- 
vatory, the time superintendent, seated here at the 
time desk, can see at once what they are indicating 

L 



l6 2 


THE ROYAL OBSERVATORY 


Between the two is a dial labelled ‘ Commutator 
Fiom this dial a little handle usually hangs vertically 
downwards but it can be turned either to the light 
or to the left, and when thus switched haid ovei, an 
electric cunent is sent through to the mean solar 
clock If now we leave the computing room and 
cross the courtyaid to the extreme north west corner 
we find the Mean Solar Clock in a little lobby, care 
fully guarded by double doors and double windows 
against rapid changes of tempeiature Opening the 
door of the clock case, we see that the pendulum 
carries on its side a long steel bai, and that this bai 
as the pendulum swings passes just over the upper 
end of an electro magnet When the cunent is 
switched on at the commutator, this electio magnet 
attiacts or lepels the steel bar according to the 
direction of the current, and the action of the clock 
is accordingly quickened or retaided To put the 
commutator in action for one minute will alter the 
clock by the tenth of a second As the erroi of the 
clock is determined twice a day, shoitly before ten 
o clock in the morning and shoitly before one o clock 
in the afternoon, its eiror is always small, usually 
only one 01 two tenths These two times are chosen 
because, though time signals are sent over the metro 
politan area every hour from the Gieenwich clock 
through the medium of the Post Office at ten and at 
one o glock signals are also sent to all the gieat pro- 
vincial centies Further, at one o’clock the time 
balls at Greenwich and at Deal aie diopped so that 
the captains of ships in the docks, on the nvei, or in 
the Downs may check their chronometers 
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The Time Ball is diopped directly by the mean 
solai clock itself It is laised by means of a windlass 
turned by hand power to the top of its mast just 
before one o’clock Connected with it is a piston 
working in a stout cylindei When the ball has 
reached the top of the mast, the piston is lightly 
suppoited by a pair of catches These catches are 
pulled back by the hourly signal current and the 
piston at once falls shaiply, bringing the ball with it 
But after a fall of a few feet, the air compressed by 
the piston acts as a cushion and checks the fall, the 
ball then gently and slowly finishing its descent 
I he instant of the beginning of the fall is, of course, 
the true moment to be noted 

The other dials on the time desk are foi various 
purposes connected with the signals One little 
needle in a continual state of agitation shows that 
the electnc cuirent connecting the various sympa- 
thetic clocks of the Obseivatory is in full action 
Another leceives a leturn signal from vanous places 
aftei the despatch of the time signal fiom Greenwich, 
and shows that the signal has been properly received 
at the distant station, whilst all the many electric 
wnes within the Observatory or radiating from it aie 
m ide to pass through the great key board, where 
they can be at once tested, disconnected or joined 
up as may be required 

The distribution of Greenwich time over the 
island in this way is thus a simple matter The far 
more important one of the distnbution of Greenwich 
time to ships at sea is moie difficult The difficulty 
1 ly in the constiuction of a clock or watch, the rate 
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of which would not be altered b;y the uneasy motion 
of a ship, or by the changes of temperature which are 
inevitable on a voyage Two hundred yeais ago it 
was not deemed possible to construct a watch of 
anything like sufficient accuracy They would not 
even keep going whilst they were being wound, and 
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would lose 01 gam as much as a minute in the day 
for a fall or rise of io° in temperature This was 
owing to the extreme sensitiveness of the balance 
spring — which takes the place in a watch of a pen 
dulum in a clock — to the effects of temperature 
The British Government, therefore, in 1714 offered a 
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prize of the amount of ^20,000 for a means of finding 
the longitude at sea within half a degree, or, in other 
words, for a watch that would keep Greenwich time 
correct to two minutes in a voyage acioss the 
Atlantic In 1735, James Harrison, the son of a 
Yoikshtre carpenter, succeeded in solving the problem 
His method was to attach a sort of automatic 
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regulator to the spring which should push the 
regulator over in one direction as the tempeiature 
rose, and bring it back as it fell This he effected by 
fastening together two strips of brass and steel The 
brass expanded with heat more rapidly than the 
steel, and hence with a rise of temperature the strip 
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bent over on the steel side This was the first germ 
of the idea of making watches ‘compensated for 
temperatuie , watches that is which maintain prac 
tically the same rate whether they are m heat 01 
cold an idea now brought to gieat perfection in the 
modern chionometer 

The great reward the Government had offered 
stimulated many men to endeavour to solve the 
pioblem Of these Dr Halley, the second As 
tronomer Royal, and Graham, the mventoi of the 
astronomical clock, were the most celebrated But 
when Harnson then poor and unknown came to 
London in 1735, and laid his invention before them, 
with an utter absence of self seeking, and m the true 
scientific spirit, they gave him eveiy assistance 

Harrisons first foui time keepeis are still pie- 
served at the Royal Observatoiy He did not, 
howevei, receive his leward until a facsimile of the 
fouith had been made by his appi entice, Larcum 
Kendall The latter is pieseived at the Royal 
Obseivatoiy There is a Larcum Kendall at the 
Royal Institution which is said to have been used by 
Captain Cook Hainson s chronometer was sent on 
a trial voyage to Jamaica m 1761, and on its leturn 
to Portsmouth in the following yeai it was found that 
its complete vanation was undei the two minutes foi 
which the Government had stipulated 

Since Harnson s day the improvement of the 
chronometer has been earned on almost to perfection, 
and now the care and rating of chionometers foi the 
Royal Navy is one of the most impoitant duties of 
the Observatory 
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A visitor who should make the attempt to com 
pare a single chronometer with a standard clock 
would piobably feel very disheartened when, after 
many minutes of comparison he had got out its 
error to the nearest second, were he told that it was 
his duty to compare the entire army here collected, 
some five hundred or more, and to do it not to 
the second, but to the neaiest tenth of a second 
Practice and system make, however, the impossible 
easy, and one assistant will quietly walk round the 
room calling out the error of each chronometer as he 
passes it, as fast as a second assistant seated at the 
table can enter it at his dictation in the chronometei 
ledgers The seconds beat of a clock sympathetic 
with the solar standard, rings out loud and clear 
above the insect like chattel of the ticking of the 
hundreds of chronometers and wherevei the assistant 
stands, he has but to lift his eyes to see straight 
before him, if not a complete clock-face, at least a 
seconds dial moving in exact accordance with the 
solar standard 

The test to which chronometers are subjected is 
not meiely one of rate, but one of rate under care 
fully alteied conditions Thus they may be tried 
with the XII pointing in succession to the four 
points of the compass, or, in the case of chronometer 
watches they may be laid flat down on the table or 
hung from the ring or pendant, or with the ring right 
or left, as it would be likely to be when carried in 
the waistcoat pocket But the chief test is the per 
formance of a chronometer when subjected to con 
siderable heat for a long period This is a matter of 
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great consequence, since a chionometei tiavellmg 
from England to India Australia, or the Cape, would 
necessarily be subjected to very different conditions 
of temperature from those to which it would be ex 
posed m England They are therefore kept foi eight 
weeks m a closed stove at a temperature of about 
85° or 90° At one time a cold test was also applied, 
and Su George Any, the late Astronomer Royal, in 
one of his popular lectures, diew a humoious com- 
parison between the unhappy chionometers thus 
doomed to trial now in heat and now in frost, and 
the lost spirits whom Dante describes as alternately 
plunged in flame and ice The cold test has, how 
evei, been done away with It is perfectly easy 
on the modern ship to keep the chionometer com- 
fortably warm even on an Arctic expedition The 
elaborate cold testing applied to Sir Geoige Nares 
chronometers before he started on his polar journey 
was found to have been practically quite superfluous , 
the chronometers were, if anything kept rather too 
warm The exposure of the chionometer in the 
cooling box moreovei, was found to be attended 
with a risk of rusting its spnngs 

Once the determination of the longitude at sea 
became possible it was cleaily the next duty to fix 
with precision the position of the principal places, 
cities, ports, capes islands, the woild over Of all the 
work done in this department none has ever been done 
better, in pioportion to the means at command, than 
that accomplished b> Captain Cook in his celebrated 
three voyages As has already been pointed out it 
is the extent and thoroughness of the hydiographic 
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surveys of the British Admiralty which have largely 
contributed to the honour done to England by the 
international selection of the English meridian and 
of English standard time, as in principle those for the 
whole civilized woild The generosity and public 
spirit therefore which led the second Astronomer 
Royal to help forward and support his rival, has 
almost dnectly led to this gieat distinction accruing 
to the Obseivatory of which he was the head 

Thiee different methods have successively been 
used in the determination of longitudes of distant 
places In each case the problem required was to 
ascertain the time at the standard place, say Gieenwich, 
at the same time that it was being determined in the 
ordinary way at the given station One method of 
ascertaining Gieenwich time when at a distance from 
it was, as stated in Chapter I , to use the moon as it 
weie, as the hand of a vast clock, of which the sky 
was the face and the stais the dial figuies This is 
the method of ‘ lunar distances * the distances of the 
moon from a certain number of bright stais being 
given in the Nautical Almanac for every thiee houis 
of Greenwich time 

As chronometers were brought to a greater point 
of perfection, it was found easier and better in many 
cases to use ‘ chronometer runs/ that is, to carry back 
wards and foi wards between the two stations a 
number of good chronometers, and by constant com 
panson and re companson to get over the errors 
which might attach to any one of them 

But of late years another method has proved 
available Distant nations are now woven together 
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across thousands of miles of ocean by the submarine 
telegraph The American leads in his morning papei 
a summary of the debates of the previous night m 
the House of Commons at Westmmstei The 
Londoner watches with interest the scoies of the 
English cricket team in Australia It is now theie 
fore possible for an astronomer in England to recoid 



1HE TRANSIT PAVH ION 
( Fioni a photo^taph by M? lace) ) 

should he so desire, the time of the tiansit of a star 
acioss the wires of his instrument, not only on his 
own chronograph but upon that of another observa- 
tory, it may be 2000 miles away Oi, much more 
conveniently, each observer may independently deter 
mine the erroi of his own clock, and then bring his 
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clock into the cui rent, so that it may send a signal 
to the chronograph of the other station 

In one way or another this work of the detei 
mination of geographical longitudes has been an 
important part of the extra routine work at Greenwich 
part of the work which has built up and sustained its 
claim to define ‘ longitude nought’, and man> 
distinguished astronomers, especially from the leading 
observatories of the Continent, have come here from 
time to time to obtain moie accuiately the longitude 
of their own cities The traces of their visits may be 
seen here and there about the Observatory grounds 
in flat stones which lie level with the suiface, and 
bear a name and date like the gravestones in some 
old country chuichyard These are not, as one might 
suppose, to maik the burial-places of deceased as 
tronomers, but record the sites where, on their visits 
for longitude purposes, different foreign astronomers 
have set up their transit instruments Now, how 
ever a permanent pier has been erected in the court 
yard, and a neat house — the Transit Pavilion — built 
over it, so that in all probability no fresh additions 
will be made to these sepulchral looking little monu 
ments 

It might be asked, What reason is theie for a 
foreign observer to come over to England for such 
a purpose ? Would it not be sufficient for the clock 
signals to be exchanged ? But a curious little fact 
has come out with the mciease of accuracy of transit 
observation, and that is, that each observer has his 
own particular habit or method of observation A 
hundred years ago, Maskelyne, the fifth Astronomer 
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Royal, was greatly disturbed to find that his assistant 
David Kinnebrook, constantly and regularly observed 
a star transit a little later than he did himself The 
offender was scolded, warned exhorted, and finally 
when all proved useless to bring his observations into 
exact agreement with the Astronomer Royal’s, dis 
missed as an incompetent observer As a matter of 
fact poor Kinnebiook has a light to be regarded as 
one of the martyrs of science and Maskelyne by this 
most natural but mistaken judgment missed the 
chance of making an important discovery, which was 
not made until some thirty years later Astronomers 
now would be more cautious of concluding that 
observations were bad simply because they differed 
from what had been expected They have learnt 
by experience that these unexpected differences are 
the most likely hunting ground in which to look for 
new discoveries 

In a modern transit observation with the use of 
the chronograph it will be seen at once that befoie 
the observer can register a star tiansit on the chrono 
giaph, he has to perceive with his eye that the stai 
has reached the wire he has to mentally recognize 
the fact, and consciously or unconsciously to exert 
the effort of will necessary to bang his finger down 
on the button A very slight knowledge of character 
will show that this will lequue different periods of 
time for different people It will be but a fraction 
of a second in any case, but there will be a distinct 
difference, a constant difference, between the eager 
quick, impulsive man who habitually anticipates' 
as it were, the instant when he secs star and wire 
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togethei and the phlegmatic slow and sure man who 
caiefully waits till he is quite sure that the contact 
has taken place, and then deliberately and fiimly 
records it These differences are so tiuly personal 
to the obseiver that it is quite possible to correct 
for them, and after a given observei s habit has 
become known to reduce his tiansit times to those 
of some standard observer It must, of couise, be 
remembered that this ‘peisonal equation is an 
exceedingly minute quantity, and in most cases is 
rather a question of hundredths of seconds than of 
tenths 

It will be seen from the foregoing descuption how 
little of what may be teimed the pictuiesque or 
sensational side of astionomy enters into the routine 
of the Time Department, the most important of all 
the depaitments of the Obseivatory The daily 
observation of sun and of man}/ stais — selected from 
a carefully chosen list of some hundieds, and known 
as ‘clock stais — the determination of the enoi of 
the standaid clock to the hundiedth of a second if 
possible, and its collection twice a day the sending 
out of time signals to the General Post Office and 
other places, whence they aie distubutcd all ovei the 
countiy the care winding and rating of hundieds 
of chronometcis and chionometei watches and from 
time to time the detei mtnation of the longitude of 
foreign or colonial cities, make up a heavy, ceaseless 
routine in which there is little oppoitunity foi the 
reali7ation of an astronomer s life as it is apt to be 
popularly conceived 

Yet there is interest enough in the work There 

M 
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is the charm which always attaches to work of 
precision, the delight of using delicate and exact 
tnstiuments, and of obtaining lesults of steadily 
mci easing perfection It may be akin to the sport 
mg passion for lecord breaking, but surely it is a 
noble foim of it which has led the assistants m 
recent yeais, to steadily increase the number of 
observations in a normal night s work up to the 
very limit taking care the while that then accuracy 
has in no degree suffered In longitude work also 
‘the better is the enemy of the good/ and there is 
the ambition that each fresh determination shall be 
maikedly moie precise than all that have pieceded it 
The constant caie of chronometers soon leveals a 
kind of individuality in them which forms a fresh 
souice of inteiest, whilst if a man has but a spark 
of imagination how easily he will wrap them lound 
with a halo of lomance 1 

Glance thiough the ledgeis, and you will see how 
some of them have heard the guns at the siege of 
Alexandria, otheis have been earned far into the 
fiozcn noith, otheis have wandered with Livingstone 
01 Camci on in the trackless foiests of equatonal 
Afiica 

Moie sti iking still aic those pages acioss which 
the closing line has been diawn , never again will the 
time keeper theie scheduled ictuin to the kindly 
inquisition of Flamsteed Hill This sailed away in 
the Wasp, and was swallowed up in the eastein 
typhoon , that went down in the sudden squall that 
smote the Euiydicc off the Isle of Wight , these 
foundered with the Captain The last fatal journey 
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of Sir John Franklin to find the North-West Passage 
leaves its lecord here , the chronometers of the 
Erebus and Terror will never again appear on the 
Gieenwich muster 1 oil Land exploration claims 
its victims too Sturt s ill fated expedition across 
Australia and Livingstone s last wandering, are 
lepresented 

Sometimes an amusing entry interiupts the silent 
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pathos of these closed pages ‘ Lost by Mr Smith 
on the coast of Africa/ reads at fiist sight like a 
lather thin attempt of some one to shift the lesponsi 
bility of his own carelessness on to the broad 
shoulders of Mr Nobody In reality it piobably 
gives a hint of the necessary, dangerous, and exciting 
work of slave dhow chasing which gives employment 
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to our ships on the African coast ‘Mr Smith’ was 
no doubt a petty officer who was told off to carry 
the chionometer for a boat’s crew sent to search foi 
a slave-dhow up some equatorial estuary Probably 
the dhow was found, and the Arabs who manned it 
gave so stout a lesistance that ‘ Mr Smith’ and his 
men had othei things to do than take caie of 
clnonometeis before they could overcome them 
Wc may take it that the real stoiy outlined heie was 
one of courage and hard fighting not of carelessness 
and slinking 

Stories of htghei valour and noblei courage yet 
ire also hinted the calm discipline of the crew of 
the Victona as she sank from the ram of the Camper 
down the yet nobler devotion of the men of the 
Bitkenhead, as they formed up m line on deck and 
cheeied the boats that boie away the women and 
childien to safety, whilst they themselves went down 
with the ship into the shark crowded sea 

‘Theie lose no muriruu fiom tlie ranis, no thought 
By shameful stiengtli, unhonotued life to seek 
Om post to quit we weie not tr lined, noi taught 
lo ti ample down the weal 

‘What followed, why lecall ? The biave who died 
Died without flinching in that bloody suif 
They sleep as well beneath th it puiplt tide 
As others undei tui f ’ 
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THE TRANSIT AND CIRCLE DEPARTMENTS 

Tpie determination of time is a duty the importance 
of which readily commends itself to the general 
public It is easy to see that in any civilized country 
it is very necessary to have an accuiate standard of 
time Our railways and telegraphs make it quite 
impossible for us to be content with the rough and 
ready sun dial which satisfied our foiefathers Rut 
it should be remembeied that it was neither to 
establish a 4 longitude nought, nor to create a system 
of standard time, that Greenwich Obseivatory was 
founded in 1675 It was foi ‘The Rectifying the 
Tables of the Motions of the Heavens and the Places 
of the Tixed Stars, in older to find out the so much 
desired Longitude at Sea for the perfecting the Art 
of Navigation ’ 

The two related departments, theiefore, those of 
the Transit and the Circle, which are concerned in 
the work of making stai catalogues, come next in 
order to the Time Department Though both 
departments deal with the same instiument, the 
transit circle, they aie at piesent placed at opposite 
ends of the Observatoiy domain , the Ciicle Depait 
ment being lodged m the upper computing loom 

x3i 



182 


r HE ROYAL OBSERVATORY 


of the old building , the Transit Department m the 
south wing of the New Observatory in the south 
ground 

It may be asked why, if this were the purpose of 
the Obseivatoiy at its foundation, two and a quarter 
centuries ago , if, as was the case the work was set 
on foot fiom the beginning and was carried out with 
every possible caie, how comes it that it is still the 
fundamental work of the Observatoiy, and, instead of 
being completed, has assumed greatei proportions at 
the present day than ever before ? 

The answei to this lnquny may be found in a 
special application of the old pio\eib, originally 
directed against the discontent of man 'The moie 
he has, the more he wants ’ For, however paradoxical 
it may seem, it is tiue that the fuller a stai catalogue 
is, and the more accuiate the places of the stais that 
it contains, the gi eater is the need for a yet fullei 
catalogue, with places more accurate still 

It is worth while following up this pandox in 
some detail, as it affords a very instructive example 
of the way m which a woik staited on puiely utili 
tanan giounds extends itself till it ciosses the unde 
fined boundary and enters the region of puie science 

We have no idea who made the eailiest census of 
the sky It is written foi us m no book , it is not 
even cngiaved on any monument And yet no small 
poition of it is in our hands to day, and strangest of 
all, we aie able to fix fan ly closely the time at which 
it was made and the latitude in which its compiler 
lived The catalogue is very unlike our stai cata 
logues of to day The places of the stars aie very 
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roughly indicated , and yet this catalogue has left a 
more endunng mark than all those that have suc- 
ceeded it The catalogue simply consists of the star 
names 

An old lady who had attended a University 
Extension lecture on astronomy was heard to ex 
claim What wonderful men these astronomers are 1 
I can undeistand how they can find out how fai off 
the stars aie, how big they aie, and what they weigh 
— that is all easy enough , and I think I can see how 
they find out what they are made of But there is 
one thing that I can’t understand — I dont know how 
they can find out what aie their names 1 This same 
difficulty, though with a much deeper meaning than 
the old lady m her simplicity was able to grasp has 
occuired to many students of astronomy Many 
have wished to know what was the meaning of, and 
whence were derived, the sonorous names which are 
found attached to all the brighter stars on our celestial 
globes Adhaia Aldeiamm, Betelgeusc, Denebola, 
Schedai, Zubeneschamal, and many moie The 
explanation lies here Some 5000 yeais ago, a man, 
or college of men living in latitude 40 north, in 
01 dei that they might better lemember the stars, 
associated certain gioups of them with cei tain fancied 
figuies, and the individual stai names aie simply 
Arabic woids designed to indicate wheieabouts in 
its peculiar figuie or constellation that special stai 
was situated Thus Adhara means ‘back’ and is 
the name of the blight star in the back of the great 
Dog Aldeiamm means ‘right aim/ and is the 
bnghtest star in the light arm of Cepheus, the king 



184 


THE ROYAL OBSERVATORY 


Betelgeuse is 'giants shoulder 5 the giant being 
Orion, Denebola is 'lions tail 5 Schedar is the 
star on the 'bieast of Cassiopeia, and Zubeneschamal 
is 'northern claw 5 that is, of the Scorpion So far is 
clear enough The names of the stars for the most 
part explain themselves , but whence the constella 
tions derived then names, how it was that so many 
snakes and fishes and centaurs were pictured out in 
the sky is a much moie difficult pioblem, and one 
which does not concern us here 

One point, however, these old constellations do 
tell us, and tell us plainly They show that the axis 
of the eaith, which, as the earth travels round the sun 
moves parallel with itself, yet, in the couise of ages 
itself rotates so as in a period of some 26 000 years 
to trace out a circle amongst the stars This is the 
cause of what is called 'precession, 5 and explains how 
it is that the star we call the pole star to day was 
not always the pole stai, nor will always lemain so 
We learn this fact from the circumstance that the 
old constellations do not cover the entire celestial 
sphere They leave a gieat circular space of 40° 
ladius unmapped in the southern heavens This 
simply means that the originators of the constella 
tions lived in 40° noith latitude, and stars within 40° 
of then south pole never rose above then honzon, 
and consequently were nevei seen, and could not be 
mapped, by them In like mannei, the stai census 
taken at Greenwich Obseivatory does not include 
the whole sky, but leaves a space some 5 2° in radius 
iound our south pole Since the latitude of Green 
wich is nearly 52 0 noith, stars within that distance of 
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the south pole do not rise above our horizon, and are 
never seen here But if we compare the vacant space 
left by the old ongmal constellations with the vacant 
space left by a Gieenwich catalogue of to-day, we 
see that the centre of the first space, which must 
have been the south pole of that time, is a long way 
from the centie of the second space — our south pole 
of to day The difference tells us how far the pole 
has moved since those old foi gotten astronomers did 
their work We know the rate at which the pole 
appears to move, by comparing our moie modern 
catalogues one with another, and so we aie able 
to fix pretty nearly the time when lived those old 
first census takeis of the stars, whose names have 
perished so completely but whose work has proved 
so immortal 

These old workers gave us the constellation 
groupings and names which still lemain to us, and 
are still in common, eveiy day use Their work 
affoids us the most striking illustration of the result 
of precession but precession itself was not recognized 
till nearly O ooo yeais after their day, when a maivel 
lous genius, Hipparchus established the fact, and 
‘built himself an evei lasting name 5 by the cieation 
of a catalogue of over 1000 stais piepared on modem 
principles That catalogue foimed the basis of one 
which survives to us at the piesent time, and was 
made some 1750 years ago by Claudius Ptolemy, 
the gieat astronomei of Alexandria, whose work 
which still bears the pioud name of Almagest, The 
Greatest/ remained for fouiteen centuncs the one 
universal astronomical text book 
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A modern catalogue contains, like that of Ptolemy, 
four columns of entry The first gives the stars 
designation , the second an indication of its bright 
ness , the third and fourth the determinations of its 
place These are expiessed in two directions, which, 
in modern catalogues not in Ptolemy s, correspond 
on the celestial sphere to longitude and latitude on 
the terrestrial Distance north or south of the 
celestial equator is termed ‘declination, correspond 
mg to terrestrial latitude Distance in a dnection 
parallel to the equator is termed ‘light ascension’ 
corresponding to terrestual longitude For geo 
graphical purposes we conceive the earth to be 
encircled by two imaginary lines at right angles to 
each othei — the one, the equator, marked out for us 
by the earth itself, the other, longitude nought,’ the 
meridian of Greenwich fixed for us by general con 
sent, after the lapse of centuries by a kind of histoucal 
evolution On the celestial globe in like mannei 
we ha\e two fundamental lines — one, the celestial 
equator, maiked out for us by nature, the other at 
right angles to it and passing through the poles of 
the sky, adopted as a matter of convenience But a 
difficulty at once confronts us— Where can we fix 
oui ‘right ascension nought’? What star has the 
right to be considered the Greenwich of the sky ? 

The difficulty is met in the following mannei 
r or six months of the year, the summei months, the 
sun is north of the celestial equator, for the other 
six months of the yeai, the months of winter, it is 
south of it It ciosses the equator, therefore, twice 
m the year— once when moving northward at the 
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spring equinox , once when moving southward at 
the equinox of autumn The point where it crosses 
the equatoi at the first of these times is taken as the 
fundamental point of the heavens, and the first sign 
of the zodiac, Aries the Ram, is said to begin here 
and it is called, therefore, ‘the fiist point of Aries’ 

One of the vety first facts noticed m the very 
early days of astionomy was that, as the stars seemed 
to move across the sky night by night they seemed 
to move in one solid piece, as if they were lamps 
rigidly fixed in one and the same solid vault Of 
course it has long been peifectly understood that this 
apparent movement was not in the least due to any 
motion of the stais, but simply to the lotation of the 
earth on its axis This rotation is the smoothest, 
most constant, and legular movement of which we 
know It follows, therefore that the interval of time 
between the passage of one stai across the meudian 
of Greenwich and that of any other given star is 
always the same This interval of time is simply the 
difference of then right ascension If we are able, 
then, to turn our tiansit instiument to the sun, and 
to a number of stais, each in its proper turn, and by 
pressing the tapping piece on the instrument as the 
sun or star comes up to each of the ten wnes in 
succession, to lecoid the times of its tiansit on the 
chronograph, we shall have piactically detei mined 
their right ascensions — one of the two elements of 
their places 

The other element, that of decimation, is found m 
a different manner The celestial equatoi, like the 
teirestnal, is 90° from the pole The bright stai 
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Polaris is not exactly at the north pole, but describes 
a small cncle round it Twice in the twenty four 
hours it transits across the meridian — once when 
going from east to west it passes above the pole 
once when going from west to east below the pole 
The mean between these two altitudes of Polaris 
above the honzon gives the position of the true 
pole 

A complete transit obseivation of a star consists 
therefore of two operations The observer, as we 
have already described sees a star entering the field 
of the telescope and as it swims forward, he presses 
the galvanic button which sends a signal to the 
chronograph as the star comes up to each of the ten 
veitical wires in succession But, beside the ten wires, 
there are others Two vertical wires lie outside the 
ten of which we have already spoken, and there is 
also a horizontal wire The latter can be moved by 
a graduated sciew head just above the eye piece, and 
as the star comes in succession to these two vertical 
wires, this horizontal wire js moved by the screw 
head, so as to meet the star at the moment it is 
ciossing the vertical wire and the obseiver presses 
a second little button which records the position of 
the horizontal wire on a small paper covered drum 
Then, the transit over, the observer leaves the tele 
scope and comes round to the outside of the west 
pier Here he finds seven large microscopes, which 
pierce the whole thickness of the pier, and are directed 
towards the circumference of a laige wheel which is 
rigidly attached to the telescope and 1 evolves with it 
This wheel is six feet in diameter, and has a silvei 
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cncle upon both faces Each circle is divided 
extremely carefully into 4320 divisions — these 
divisions, theiefore being about the one-twentieth of 
an inch apart There are theiefore, twelve divisions 
to every degree (12 x 360 = 4320) and each division 
equals five minutes of arc The lowest microscope is 
the least powerful, and shows a laige part of the 
circle enabling the observer to see at once to what 
degree and division of a degiee the microscope is 
pointing The other six microscopes aie very care 
fully placed 6o° apait — as equally placed as they 
possibly can be These microscopes are all fitted 
with movable wues — wiies moved by a very fine and 
delicate sciew , the screw-head having divisions upon 
it so that the exact amount of its movement can be 
told Each of the six sciew heads will lead to the 
one five thousandth pait of a division of the circle , 
in other words to the one hundred thousandth pait 
of an inch Using all six microscopes, and taking 
their mean we aie able to lead to the one hundredth 
of a second of arc If, therefoie, the observations 
could be made with perfect certainty down to the 
extiemest nicety of reading which the mstiument 
supplies, we should be able to lead the decimation of 
a stai to this degiee of refinement It maybe added 
that a halfpenny, at a distance of thiee miles, appeals 
to be one second of arc in diameter , at thiee hundred 
miles it would be one hundiedth of a second It 
need scaicely be said that we cannot observe with 
quite such refinement of exactness as this would 
indicate Nevertheless, this exactness is one aftei 
which the observer is constantly stuving, and tenths, 
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even hundredths, of seconds of arc aie quantities 
which the astronomer cannot now neglect 

The observer has then to read the heads of all 
these seven microscopes on the pier side, and also 
two positions of the honzontal wne on the screw head 
at the eye piece The following morning he will also 
read off from the chronograph sheet the times when 
he made the ten taps as the star passed each of the 
ten vertical wires There are, therefoie, nine entries 
to make for one position of a star in declination and 
ten for one position of a star m right ascension The 
obseivcr will also have to read the batometer to get 
the pressure of the air at the time of observation, and 
one thermometer inside the transit loom and another 
outside, to get the tempeiature of the an In some 
cases thermometers at different heights in the room 
are also read A complete observation of a single 
stir means therefore, the entiy of two and twenty 
different number 

It may be asked, What is the use of leading the 
baiometer and thermometer ? The answer to the 
question can only be gnen by contradicting a state- 
ment made above that the tiue pole lay midway 
between the position of the telescope when pointing 
to the pole star at its upper tiansit, and its position 
when pointing to it at its lower transit The pole 
being very high in the heavens in this country there 
are a great number of stars that, like the pole star, 
cross the meridian twice in the twenty foui hours— 
once when they pass above the pole, moving from 
east to west, once when they pass below it moving 
from west to east As the real distance of a star 
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from the tiue pole does not alter, it follows that we 
ought to get the position of the pole from the mean 
of the two transits of any of these stars, and they 
ought all to exactly agree with each other But 
they do not So too I said that the stars all appeared 
to move as in a single piece If, then we constructed 
an instrument with its axis paiallel to the axis of the 
earth and fixed a telescope to it, pointing to any 
particular star, if we turn the telescope round as fast 
from east to west as the eaith itself is turning from 
west to east — if we built an equatorial, that is to 
say — we ought to find that the stai once in the centre 
of the field would remain theie As a mattei of fact, 
when the star got near the horizon it would soon be 
a long way from the centre of the field 

Sir George Airy the seventh Astionomer Royal 
makes with leference to this veiy point, the following 
remarks 

‘Peihaps you may be surpnsed to heai me say the lule 
is established as true and yet there is a departuie fioni it 
This is the way we go on in science as in everything else 
we have to make out that something is tiue, then we hnd 
out under ceitain cucumstances that it is not quite tiue 
and then we have to considei and find out how the 
departuie can be explained 

In this particular case, the distuibing cause is 
found in the action of oui own atmosphere The 
rays of light from the star are bent out of a perfectly 
straight course as they pass through the vanous 
layers of that atmosphere layers which necessarily 
become densei the closer we get to the actual surface 
of the earth Eveiy celestial body theiefore appears 

N 
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to be a little higher in the sky than it leally is This 
action is most noticeable at the horizon, where it 
amounts to about half a degree As both sun and 
moon are about half a degree m diameter, it follows 
that when they have really just entirely sunk below 
the horizon they appear to be just entirely above it 
It happens, in consequence, on lare occasions, that an 
eclipse of the moon will take place when both sun 
and moon are together seen above the horizon 

It was a great mattei to discover this effect of 
refraction It was soon seen that it was not constant, 
that it varied with both temperatuie and piessure 
It is, indeed, the most troublesome of all the hindrances 
to exact observation with which the astronomei has 
to contend , partly because of its large amount — half 
a degree, as has been already said in the extreme 
case — and paitly because it is difficult in many cases 
to determine its exact effect 

The double observation with the tiansit circle 
gives us then, the place in the sky where the star 
appeared to be at the moment of observation, not its 
true place , to find that true place we have to cal 
culate how much refraction had displaced the star 
at the particular height in the sky and at the 
particular tempeiature and atmospheric pressure at 
which the observation was made 

The transit circle is a comparatively recent mstru 
ment In earlier times the two obseivations of right 
ascension and declination were entrusted to perfectly 
separate instruments The transit instiument was 
mounted as the transit circle is between two solid 
stone piers, and moved in precisely the same way 
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But the great six foot wheel, which was made as stiff 
as it possibly could be, was mounted on the face of 
a great stone pier or wall from which circumstance 
it was called the ‘ mural circle/ and a light telescope 
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was attached to it which tumed about its centre 
This arrangement had a double disadvantage— that 
the two observations had to be made separately, and 
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the mural cncle, not being a symmetrical instalment, 
was liable to small errors which it was difficult to 
detect Thus being suppoited on one side only, a 
flexure or bending outwards of either telescope or 
circle, or both, might be feaied 

It was for this reason that Pond set up a pair of 
mural circles, one on the east side of its supporting 
pier and the other on the west 1 His plan was not 
only to have each star observed simultaneously m 
the two instruments, a plan by which, at the cost of 
some additional labour, he would have got rid, to a 
large extent, of the individual errors of the two 
separate instruments, inasmuch as, on tne whole, it 
might have been expected that the errors of the two 
instruments would have been veiy nearly equal in 
amount, but of opposite chaiacter The diffeiences, 
too between the two instiuments would have afforded 
the means for tracing these small errors to their 
respective causes, and so ascertaining the laws to 
which they were subject 

Pond went further still He added to the mural 
circle a simple instrument, the extieme value of 
which every astronomer recognizes to-day — the mer 
cury trough Not only was the star to be observed 
by both circles when the two telescopes were pointing 
directly to it it was also to be observed by reflection , 
the telescopes were to be pointed down towards a 
basin of mercury in which the image of the star 
would be seen reflected The mercury being a 

1 The second cncle was intended for the Cape Observatory, 
but Pond obtained leave to retain it In 1851 it was transfeired 
to the Observatory of Queen s College, Belfast 
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liquid, its surface is perfectly horizontal , and, since 
the law of reflection is that the angle of incidence is 
equal to the angle of reflection it follows that the 
telescope, when pointed down towaid the mercury 
trough, points just at as great an angle below the 
horizon as, when it is set directly on the star, it 
points above it If the circle theiefore, be carefully 
read at both settings, half the diffeience between the 
two readings will give the angular elevation of the 
star above the horizon A combination, therefore, of 
all four observations, that is to say ; one reflection and 
one direct with each of the telescopes, would give 
an exceedingly exact value for the stars altitude 
The conception of this method gives a staking idea 
of Ponds thoioughness and skill as a practical 
observei, and it is a distinct blot upon Airy s justly 
high reputation in the same line that he discontinued 
the system upon his accession to office 

However, in 1851, as alieacly mentioned, Any 
substituted for the two separate instruments — the 
transit and muial cncle — the transit circle, which, 
unlike the mural circle, is equally supported on both 
sides This, however, does not free it from the 
liability to some minute flexure in the direction of 
its length, from the weight of its two ends, and the 
meicury tiough is used for the detection of such 
bending, should it exist The piesent piactice is to 
observe a star both by reflection and dnectly in the 
course of the same tiansit The obseiver sets the 
telescope caiefully before evei the star comes into the 
field of view, and reads his seven microscopes Then 
he climbs up a nairow wooden staircase and watches 
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the stai transit nearly half across the field Then 
comes a lush, the observer swings himself down the 
ladder, unclamps the telescope, turns it lapidly up to 
the star itself, clamps it again, flings himself on his 
bach on a bench below the telescope and does it so 
quickly that he is able to observe the stai across the 
second half of the field There is no time foi 
dawdling no 100m for making any mistakes , the 
stars never forgive , they haste not they rest not , 9 
and if the unfortunate obseiver is too slow, 01 makes 
some slip in his second setting the star, cold and 
inexorable, takes no pity and moves regardless on 

It will be seen that a consideiable amount of work 
is involved in taking a single observation of a star 
place But in making a stai catalogue it is always 
deemed necessary to obtain at least three observa- 
tions of each star , and many are obseived much more 
frequently 

A modern star catalogue contains, like Ptolemy's 
four columns It contains also several more Of 
these the principal are devoted to the effect of pie 
cession As precession is caused by a movement of 
the earth s axis making the pole of the sky seem to 
describe a circle in the heavens, it follows that the 
celestial poles, and the celestial equator with them 
are slowly but continually, changing their place with 
lespect to the stars, and theiefore that the decimations 
of the stars are always undergoing change and as 
the equator changes the point where the sun crosses 
it in spring— the first point of Ancs— changes also, 
and with it the stars right ascensions 

To make one determination of a stars place 
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comparable with another made at another time, it is 
clear that we must correct for the effects of precession 
in the interval of time between the two observations, 
and for the effects of refraction But observations 
made with the transit circle must also be corrected 
for errors in the instiument itself The astronomei 
will see to it that his instrument is made and is set 
up as perfectly as possible The pivots on which it 
turns must be exactly on the same level , they must 
point exactly east and west, and the axis of the 
telescope must be exactly at right angles to the line 
joining the pivots in all positions of the instrument 
These conditions are very nearly fulfilled, but never 
absolutely Day by day, therefore the astronomei 
has to ascertain just how much his instrument is in 
error in each of these thiee matters Were his 
instrument absolutely without enoi to day, he could 
not assume that it would remain so, nor, if he had 
measured the amount of its errors yesteiday, would 
it be safe to assume that those enors would not 
change to day 

In the examination of these sources of enor the 
mercury trough comes again into use The transit 
cncle is turned duectly downwaids, and the meicury 
trough brought below it A light is so ai ranged as 
to illuminate the field of the telescope, and the 
observer, looking in, sees the ten transit wires and 
the one decimation wire, and also sees their images 
reflected fiom the suiface of the meicury If the 
telescope be pointing exactly down towards the surface 
of the meicmy, then the image of the decimation 
wire will fall exactly on the declination wire itself, 
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and by reading the circle we can tell where the 
zenith point of the circle is Similarly, if the pivots 
of the telescope are precisely on the same level, the 
centre wire of the right ascension series would 
coincide with its reflected image A thud point is 
detei mined by looking through the eye piece of the 
north collimator telescope — that is to say the tele- 
scope mounted in a horizontal position at the north 
end of the room — at the spider lines in the focus of 
the south collimator In order to get this view, the 
transit telescope has either to be lifted up out of its 
usual position, or else the middle of the tube has to 
be opened The spider lines in the north collimator 
are then made to coincide with the image of the 
wires of the south collimator The transit telescope 
is then turned first to one collimator, then to the 
other, and the central wire of the right ascension 
series is turned till it coincides with the wire of the 
collimator , the amount by which it has to be moved 
giving an index of the eiror of collimation , that is 
to say, of the deviation of the optical axis of the 
telescope from perpendiculanty to the line joining 
the pivots 

I have said enough to show that the making of 
an observation is a small matter as compared with 
those coriections which have to be made to it after- 
wards, before it is available for use But I have only 
mentioned some of the reductions and corrections 
which have to be made There are seveial more, 
and it is a just pnde of Greenwich that her third 
ruler, Bradley, as has been already told in the notice 
of his life, discovered two of the most important 
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The one aberration is due to the fact that light, 
though it moves so swiftly — 186 000 miles per second 
yet does not move with an infinitely greater velocity 
than that of the eaith The other nutation, might 
be called a correction to precession, inasmuch as, 
moved by the moon s attraction, the earth s axis does 
not swing round smoothly, but with a slight nodding 
or staggering motion 

But when these observations of the places of a star 
have been made, and have been properly 1 reduced, 
even then we do not find an exact correspondence 
between two different determinations Little differ- 
ences still remain Some of these are to be accounted 
for by changes in the actual crust of the earth, which, 
solid and stable as we think it is yet always in 
motion Professoi Milne our greatest authority on 
earth movements, says, The earth is so elastic that 
a comparatively small impetus will set it vibrating , 
why, even two hills tip together when there is a 
heavy load of moisture in the valley between them 
And then, when the moisture evapoiates in a hot 
sun, they tip away from each other’ So there is 
a perceptible rocking to and fro even of the huge 
stone piers of a transit circle, as seasons of ram and 
drought, heat and cold, follow each other More 
than that, the earth is so sensitive to pressure that 
it was found, at the Oxford Univeisity Observatory, 
that there was a distinct swaying shown by a hon 
zontal pendulum when the whole of a party of 
seventy six undergraduates stood on one side of the 
instrument and close up to it, from the position it 
had when the party stood ninety feet away More 
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wondeiful still, a comparison of the star places, 
obtained at a number of observatories, including 
Greenwich, has shown that the earth is continually 
changing hei axis of rotation And so the star- 
places determined at Greenwich have shown that 
the north pole of the earth, 2600 miles away, moves 
about in an irregular curve about thirty feet in radius 
Nothing is stable nothing is immovable, nothing 
is constant The astronomer even finds that his 
own presence near the instrument is sufficient to 
disturb it 

The great interest attaching to tiansit circle work 
is this striving after ever greater and greater precision 
with the lesult of bringing out fresh little discordances, 
which at first sight, appear puiely accidental, but 
which, under further scrutiny show themselves to be 
subject to some law Then comes the hunt for this 
new unknown law Its discovery follows It explains 
much, but when it is allowed for, though the obseiva 
tions now come much closei togethei, little deviations 
still remain, to form the subject of a fresh mquiiy 
Astronomy has well been called the exact science, 
and yet exactitude ever eludes its puisuer 

If it be asked ‘ What is the use of this evei 
increasing lefinement of observation? no better 
answer can be given than the words of Sir John 
Herschel in one of his Presidential addresses to the 
Royal Astronomical Society — 

‘If we ask to whit end magnificent establishments are 
maintained by States and sovereigns, furnished with mister 
pieces of irt, and placed undei the direction of men of 
first rate talent and high minded enthusiasm, sought out for 
those qualities among the foremost m the lanks of science, 
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if we demand, cm bo no ? foi what good a Biadley has toiled, 
or a Maskelyne or a Piazzi has worn out his venerable age 
in watching ? — the answer is, Not to settle mere speculative 
points in the doctune of the universe not to cater for the 
pnde of man byiefined inquiries into the remoter mysteries 
of nature not to tiace the path of oui system through 
space, or its history through past and future eternities 
These, indeed, aie noble ends, and which I am far from any 
thought of depreciating- the mind swells in their contem 
plation and attains in their pursuit an expansion and a 
hardihood which fit it foi the boldest entei prise But the 
direct practical utility of such labours is fully worthy of 
then speculative grandeui The stars me the landmarl s 
of the universe and, amidst the endless and complicated 
fluctuations of our system, seem pi iced by its Cieatoi as 
guides and records, not meiely to elevate our minds by the 
contemplation of what is vast but to teach us to direct our 
actions by lefeience to what is immutible m His works 
It is, indeed, hnidly possible to ovei appreciate then value 
m this point of view Eveiy well determined stai,from the 
moment its p’ace is legisteied, becomes to the astionomer, 
the geographei the navigator, the surveyor a point of 
departuie which can never deceive 01 fail him, the same 
for ever and in all places of a delicacy so extreme as to 
be a test foi every instrument yet invented by man, yet 
equally adapted for the most oidinary pui poses as 
available foi legulating a town clocl as foi conducting a 
navy to the Indies as effective foi mapping down the 
intricacies of a petty baiony as foi adjusting the boundaries 
of Transatlantic empires When once its place has been 
thoroughly ascei tamed and carefully lecouled the brazen 
circle with which that useful woik was done may moulder, 
the maible pillar may totter on its base, and the astionomei 
himself suivive only m the giatitude of postenty but the 
lecoicl remains, and transfuses all its own exactness into 
every detei ruination which takes it for a gioundwoik, 
giving to mfenoi mstiuments— nay, even to tempoiaiy 
contrivances, and to the observations of a few weeks 01 
days — all the precision attained originally at the cost of so 
much time, labour, and expense 
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But for these strictly utilitarian purposes a com- 
paratively small number of stars would meet our 
every requisite In the narrow sense of which Sn 
John Herschel is here speaking we have no use for 
anything beyond the smallest of catalogues , and if 
the question before us is, Why are we continually 
extending our catalogues > 9 the following words of a 
more recent writer 1 on the subject will set forth the 
real explanation — 

‘A word in conclusion, suggested by the history of star 
catalogues We have no difficulty m undei standing that it 
is necessary to study the planets, and a reasonable number 
of the brighter stars for the purpose of determining the 
figure of the earth, and the positions of points upon its 
suiface but the use for a catalogue of ten thousand stars, 
such as La Caille compiled is not just so apparent Nay, 
what did Ptolemy want with a thousand stars, or Tamer 
lane s grandson, born, reared and destined to die amidst 
a horde of savages, however splendid in then trappings ? 
There is not, and there never was, any real, practical use 
for the great volumes of star catalogues that weigh down 
the shelves of oui libraries The navigator and explorei 
need nevei see them at all Why then, weie these pages 
compiled ? Why have astroi omers, fiom Hippaichuss 
time to the present, spent their lives in the weaiy loutine 
woil of obseiving the places of tiny points m the stellar 
depths ? Does it not seem that there is something in the 
mind of man that impels him to seek ifter knowledge— 
truly — foi its own sake? something heaven bom, heaven 
nurtured, God given that them is something in man 
common to him and his Creatoi, and therefore eternal 
in beautiful accord with the plain statement that ‘ God 
made man in His own image ? ” 


1 Mr Thomas Lindsay Transactions of the Adronomi al 
and Physical Society of Tot onto , 1899 P l 7 



CHAPTER VIII 

THE ALTAZIMUTH DEPARTMENT 

The detei mining of the places of the fixed stars 
which Flamsteed earned out so efficiently m his 
British Catalogue of Stais — the first Census of the 
Sky ’ made with the aid of a telescope — was but half 
of the work imposed upon him The other half, 
equally necessary foi the solution of the problem of 
the longitude at sea, was the ‘ Rectifying the Tables 
of the Motions of the Heavens ’ 

This second duty was not less necessary than the 
other for, if we may again use the old simile of the 
clock face, the fixed stars may be taken to represent 
the figures on the vast dial of the sky whilst the 
moon, as it moves amongst them corresponds to the 
moving hand of the timepiece To know the places 
of the stais then, without being able to predict the 
place of the moon, would be much like having a clock 
without its hands But if not less necessary, it was 
certainly moie difficult The secret of the move 
ments of the moon and planets had not then been 
grasped and the only tables which had been ealeu 
lated were based upon observations made before the 
days of telescopes 
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It is one of the most fortunate and remarkable 
coincidences in the whole history of science, that at 
the very time that Gieenwich Obseivatory was being 
called into existence, the greatest of all astronomers 
was working out his demonstration of the gieat funda 
mental law of the material universe — the law that 
every particle of matter attracts every other particle 
with a force which varies directly with the mass and 
imersely with the square of the distance 

Several other of the great minds of that time, in 
particular Dr Hooke the Gresham Piofessor of 
Astronomy had seen that it was possible that some 
such law might supply the secret of planetary motion , 
but it is one thing to make a suggestion, and a very 
different matter indeed to be able to demonstrate it 
and the latter was in Newton s power alone He did 
much more than demonstrate it — he brought out a 
whole series of most important and far reaching con 
sequences He showed that the ebb and flow of the 
tides was due to the attraction of both sun and moon 
especially the latter, upon the waters of our oceans 
He pointed out ceitain irregularities which must take 
place in the motion of oui moon due to the influence 
of the sun upon it He showed, too, what was the 
cause of that swinging of the axis of the eaith which 
gives rise to precession He deduced the relative 
weights of the eaith the sun, and of Jupiter and 
Saturn the planets with satellites He proved also 
that comets, which had seemed hitherto to men as 
perfectly lawless wandeiers, obeyed in their orbits the 
self same law which governed the moon and planets 
The whole vast system of celestial movements, which 
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had long seemed to men irregulai and uncontrolled 
now fell every one of them, into its place as but 
the necessary manifestations of one grand simple 
order 

This great discovery gave a new and additional 
importance to the regular observation of the moon 
and planets They were needed now not only to 
assist in the practical work of navigation, but foi the 
development of questions of pure science Halley 
the second Astionomer Royal and Maskelyne, the 
fifth, devoted themselves chiefly to this department 
of work to the partial neglect of the observation of 
the places of stars Airy the seventh, whilst making 
catalogue woik a part of the regular routine of the 
Observatory, developed the observation of the mem 
bers of the solar system, and especially of the moon 
in a most marked degree, and collected and com 
pletely reduced the vast mass of material which the 
industry of his piedecessois had gatheied It is 
pie eminently of the work of Any that the memorable 
words quoted befoie of Professor Newcomb the great 
American mathematician and astronomei, are appli 
cable 4 that if this blanch of astronomy weie entirel) 
lost, it could be reconstructed fiom the Gieenwich 
obseivations alone’ 

A most important step taken by Airy was the 
construction of an altazimuth An altazimuth is 
practically a theodolite on a large scale Its purpose 
is to deteimine, not the decimation and light ascen- 
sion of some celestial body, as is the case with the 
transit circle, but its altitude, 1 e its height above the 
horizon, and its azimuth, te the angle measured on 
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the horizontal plane from the north point The 
altazimuth, then, like the transit circle, consists of a 
telescope revolving on a horizontal axis, but unlike 
the transit circle, both the telescope and the piers 
which carry its pivots can be rotated so as to point 
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not merely due north and south, but in any direction 
whatsoever 

The observations with the altazimuth are lather 
more complicated than those with the transit circle 
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Looking m the telescope, the observer sees a double 
set of spider threads 01 ‘ wires 9 , and when a stai or 
other heavenly body enters the field, it will generally 
be observed to move obliquely across both sets of 
wires The observe! usually determines to make an 
observation eithei in altitude or azimuth In the 
former case he pi esses the little contact button, winch, 
as in the transit circle, is piovided close to the eye 
piece, as the star leaches each of the horizontal wires 
m succession If in azimuth it is the times of cross 
mg the vertical wires that are in like manner tele- 
graphed to the chionograph The transit ovei, the 
appropriate circle is read , for the telescope itself is 
rigidly attached to a veitical wheel having a caiefully 
engraved circle on its face and read by foui micro 
scopes whilst the entire mstiument carnes anothei 
set of microscopes pointing to a fixed horizontal 
cncle and upon which the azimuth can be read 
A complete observation involves four such transits 
and sets of cncle readings two of altitude, and two 
of azimuth , for after one of altitude and one of 
azimuth the telescope is turned round, and a second 
observation is taken in each element 

The observation gives us the altitude and azimuth 
of the star These particulars are of no dnect value 
to us But it is a meie matter of computation, 
though a long and laborious one, to convert these 
elements into right ascension and decimation 

The usefulness of the altazimuth will be seen at 
once It will be remembered that with the tiansit 
circle any paiticular object can only be obsei ved as it 
crosses the meridian If the weathei should be 

O 
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cloudy or the observer late the chance of observation 
is lost for four and twenty hours, and in the case of 
the moon, foi which the altazimuth is specially used 
it is on the meridian only in broad daylight during 
that part of the month which immediately precedes 
and follows new moon At such times it is practi- 
cally impossible to obseive it with the transit circle , 
with the altazimuth it may be caught in the twilight 
before sunrise or aftei sunset , and at other times in 
the month, if lost on the meridian in the transit cucle 
the altazimuth still gives the observer a chance of 
catching it any time before it sets But for this 
instrument our observations of the moon would have 
been practically impossible over at least one fourth 
of its orbit 

Airy’s altazimuth was but a small instrument of 
three and three quarter inches aperture mounted in a 
high tower built on the site of riamsteeds mural 
arc , and after a life history of about half a century, 
has been succeeded by a far more powerful instrument 
The ‘New Altazimuth’ has an apertuie of eight 
inches, and is housed in a very solidly constructed 
building of striking appearance, the connection of the 
Obseivatoiy with navigation being suggested by a 
row of circular lights which strongly lecall a ship’s 
portholes This building is at the southern end of the 
narrow passage, the wasp’s waist,’ which connects 
the older Obseivatory domain with the newer It is 
the first building we come to in the south ground 
The computations of the department aie carried on 
in the south wing of the new Obseivatoiy 

It will be seen from the photograph that the 
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instrument is much largei, heavier, and less easy to 
move in azimuth than the old altazimuth It is, 
therefore not often moved in azimuth but is set in 
some paiticular direction, not necessarily north and 
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south, in which it is used practically as a transit 
cncle 

There is quite another way of determining the 
place of the moon, which is sometimes available, and 
which offers one of the prettiest of observations to 
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the astronomer As the moon travels across the sk} 
moving amongst the stars from west to east, it 
necessarily passes in front of some of them and 
hides them from us for a time Such a passage, 
or occultation, offers two observations the dis- 
a PP earanc e, as the moon comes up to the star and 
covers it, the leappearance/ as it leaves it again 
and so discloses it 

Except at the exact time of full moon, we do not 
see the entire face of our satellite , one edge or 'limb 
is in darkness As the moon therefoie passes over 
the star, either the limb at which the star disappears, 
or that at which it reappears is invisible to us To 
watch an occultation at the blight limb is pretty , the 
moon with its shining craters and black hollows its 
mountain ranges in bright relief like a model in 
hosted silver, slowly, surely, inevitably comes nearer 
and neaier to the little brilliant which it is going to 
eclipse The movement is most legulai most smooth, 
yet not rapid The observer glances at his clock, 
and marks the minute as the two heavenly bodies 
come closer and closer to each othei Then he counts 
the clock beats ‘ live, six seven ’ it may be, as the 
star has been all but reached by the advancing moon 
* Eight/ it is still clear , eie the beat of the clock rings 
to the 'nine, perhaps the little diamond point has 
been touched by the wide arch of the moon’s limb, 
and has gone 1 Less easy to exactly time is a 
reappearance at the bright limb In this case the 
observer must ascertain from the Nautical Almanac 
precisely where the star will reappeai , then a little 
before the piedicted time he takes his place at the 






THE kEW ALTAZIMUTH 
{Fiom a photogi aph by Mi Lacey ) 



THE ALTAZIMUTH DEPARTMENT. 


215 


telescope, watches intently the moons circumference 
at the point indicated, and listening foi the clock 
beats counts the seconds as they fly Suddenly, 
without warning, a pin point of light flashes out at 
the edge of the moon, and at once draws away from 
it The star has reappeared ’ 

Far moie striking is a disappearance or reappear- 
ance at the dark limb In this case the limb of the 
moon is absolutely invisible, and it may be that no 
part of the moon is visible in the field of the telescope 
In this case the observer sees a stai shining brightly 
and alone in the middle of the field of his telescope 
He takes the time from his faithful clock, counting 
beat aftei beat, when suddenly the star is gone 1 So 
sudden is the disappeaiance that the no\ice feels 
almost as astonished as if he had received a slap m 
the face, and not unfiequently he loses all count or 
recollection of the clock beats The reappeal ance at 
the dark limb is quite as startling , with a bright star 
it is almost as if a shell had buist in his very face, 
and it would requite no veiy great imagination to 
make him think that he had heard the explosion 
One moment nothing was visible , now a great star 
is shining down serenely on the watcher A little 
practice soon enables the observer to accustom 
himself to these effects, and an old hand finds no 
more difficulty m observing an occultation of any 
kind than in taking a transit 

Such an obseivation is useful for more purposes 
than one If the position of the star occulted is 
known — and it can be determined at leisure afterwards 
— we necessarily know wheie the limb of the moon 
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was at the time of the observation Then the time 
which the moon took to pass ovei the star enables us 
to calculate the diameter of our satellite , the different 
positions of the moon relative to the stai as seen 
fiom different observatories, enable us to calculate its 
distance 

But if the disappeaiance takes place at the bright 
limb, the reappearance usually takes place at the 
dark, and vice vei sd and the two observations are 
not quite compaiable Theie is one occasion, however, 
when both observations aie made under similar 
circumstances, namely, at the full And if the moon 
happens also to be totally eclipsed, the occultations 
of quite faint stars can be successfully observed, much 
fainter than can oidinanly be seen close up to the 
moon Total eclipses of the moon, therefore, have 
lecently come to be looked upon as impoitant events 
foi the astionomer, and observatories the world over 
usually co operate in watching them October 4 
1884 was the fiist occasion when such an organised 
observation was made , theie have been several since 
and on these nights every available telescope and 
observei at Gieenwich is called into action 

It may be asked why these different modes of 
observing the moon are still kept up, year in and 
year out ‘Do we not know the moon’s orbit 
sufficiently well especially since the discovery of 
gravitation?’ No, we do not This simple and 
beautiful law — simple enough in itself, gives rise to 
the most amazing complexity of calculation If the 
earth and moon were the only two bodies in the 
universe the pioblem would be a simple one But 
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the earth, sun and moon are members of a tuple 
system each of which is always acting on both of the 
others More, the planets, too have an appreciable 
influence, and the net result is a problem so intricate 
that our very greatest mathematicians have not 
thoroughly worked it out Our calculations of the 
moons motions need, therefore, to be continually 
compared with observation need even to be 
continually corrected by it 

There is a fuither reason foi this continual 
observation not only in the case of the sun, which 
is our great standard star since from it we derive 
the right ascensions of the stars and it is also our 
great timekeeper, not only in that of the moon, but 
also m the case of the planets Their places as com 
puted need continually to be compared with their 
places as observed, and the discordances, if any, in 
quired into The great tnumph which resulted to 
science from following this course — to pure science 
since Uranus is too faint a planet to be any help to 
the sailor in navigation — is well known The ob 
seived movements of Uranus proved not to be in 
accord with computation and from the discordances 
between calculation and obseivation Adams and 
Leverner were able to predicate the existence of a 
hitherto unseen planet beyond — 

‘To see it, as Columbus saw Amenca fiom Spain Its 
movements were felt by them tiembling along the far 
leaching line of their analysis, with a certainty hardly 
inferior to that of ocular demonstration n 

1 Fiom Su John HerschePs address to the British Association, 
September 10 1846, thirteen days befoie Galles fiist obser 
vation of the planet 



2l8 


1 HE ROYAL OBSERVATORY 


The discovery of Neptune was not made at 
Greenwich and Any has been often and bitterly 
attacked because he did not start on the search for 
the predicted planet the moment Adams addressed 
his first communication to him, and so allowed 
the French astronomer to engross so much of the 
honour of the exploit The controversy has been 
argued over and over again, and we may be con 
tent to leave it alone here Theie is one point, 
however which is hardly evei mentioned, which must 
have had much effect in determining Airy s conduct 
In 1845 the year in which Adams sent his provisional 
elements of the unseen disturbing planet to Airy, the 
largest telescope available for the search at Greenwich 
was an equatoual of only six and three quarter inches 
aperture, provided with small and insufficient circles 
for determining positions, and housed in a very 
small and inconvenient dome , whilst at Cambridge, 
within a mile or so of Adams own college, was the 
‘ Northumberland 9 equatorial, of nearly twelve inches 
aperture, under the charge of the University Professor 
of Astronomy, Professor Challis, and which was then 
much the largest, best mounted and housed equatoual 
in the entire country The * Northumberland 9 had 
been begun from Airys designs and under his own 
superintendence, when he was Professor of Astronomy 
at Cambridge Naturally, then, knowing how much 
superior the Cambridge telescope was to any which 
he had under his care, he thought the search should 
be made with it He had no reason to believe that 
his own instrument was competent for the work 

On the other hand, it is hard for the ordinary 
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man to undeistand how it was that Adams not only 
left unnoticed and unanswered for three quarters of 
a year, an inquiry of Airys with respect to his 
calculations, but also never took the trouble to visit 
Challis, whom he knew well, and who was so near at 
hand, to stir him up to the search But, m truth 
the whole interest of the matter foi Adams rested 
in the mathematical problem The irregularities in 
the motion of Uranus were interesting to him simply 
foi the splendid opportunity which they gave him 
for then analysis A purely imaginary case would 
have served his purpose neaily as well The actuality 
of the planet which he predicted was of very little 
moment , the iclat and popular reputation of the 
discovery was less than nothing , the problem itself 
and the mental exercise in its solution, were what 
he prized 

But it was not creditable to the nation that the 
Royal Observatory should have been so ill provided 
with powerful telescopes , and a few years latei Airy 
obtained the sanction of the Government for the 
erection of an equatorial laiger than the Northumber 
land, but on the same general plan and in a much 
more ample dome This was for thirty four years the 
Great* or ‘ South East ’ equatorial, and the mount- 
ing still remains and bears the old name, though the 
original telescope has been removed elsewhere The 
object glass had an apertuie of twelve and three- 
quarter inches and a focal length of eighteen feet, 
and was made by Merz of Munich, the engineering 
woik by Ransomes and Sims of Ipswich, and the 
giaduations and general optical work by Simms now 
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of Charlton Kent The mounting was so massive 
and stable that the present Astronomer Royal has 
found it quite practicable and safe to place upon it 
a telescope (with its counterpoises) of many times 
the weight one made by Sir Howard Grubb, of 
Dublin of twenty eight inches aperture and twenty- 
eight feet focal length, the largest lefi actor in the 
British Empire, though surpassed by several American 
and Continental instruments 

The stability of the mounting was intended to 
render the telescope suitable foi a special work 
This was the observation of ‘ minor planets’ On 
the first day of the present century the first of these 
little bodies was discovered by Piazzi at Palermo 
Three more were discovered at no great interval after 
wards, and then there was an interval of thirty eight 
years without any addition to then numbei But 
from Decembei 8, 1845, up to the present time, the 
work of picking up fresh individuals of these ‘pocket 
planets’ has gone on without mtenuption, until now 
more than 400 aie known Most of these are of no 
interest to us but a few come sufficiently near to 
the earth for their distance to be very accurately 
determined , and when the distance of one member 
of the solar system is determined, those of all the 
others can be calculated fiom the relations which 
the law of gravitation reveals to us It is a matter 
of importance, theiefore, to continue the work of 
discovery, since we may at any time come across an 
interesting or useful member of the family , and that 
we may be able to distinguish between minor planets 
already discovered and new ones then orbits must 
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be determined as they are discovered and some sort 
of watch kept on their movements 

A striking example of the scientific prizes which 
we may light upon in the process of the lather dieary 
and most laborious work which the minor planets 
cause has been recently supplied by the discovery 
of Eros On August 13 1898 Herr Witt of the 
Urania Observatory Berlin, disco veied a very small 
planet that was moving much fastei in the sky than 
is common with these small bodies The great 
majority are very much farther fiom the sun than 
the planet Mars, many of them twice as far, and 
hence, since the time of a planet s revolution round 
the sun increases m accordance with Keplers law, 
more rapidly than does its distance it follows that 
they move much more slowly than Mais But this 
new object was moving at almost the same speed as 
Mars , it must, therefore be most unusually near to 
us Further observations soon proved that this was 
the case, and Eios, as the little stranger has been 
called, comes nearei to us than any other body of 
which we aie aware except the moon Venus when 
in transit is 24% millions of miles fiom us, Mars at 
its nearest is 34^ millions Fros at its nearest approach 
is but little over 13 millions 

The use of such a body to us is, of couise, quite 
apart from any purpose of navigation, except very 
indirectly But it promises to be of the greatest 
value in the solution of a question in which astronomers 
must always feel an interest, the determination of 
the distance of the earth from the sun We know 
the relative distances of the different planets, and, 
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consequently if we could determine the absolute 
distance of any one, we should know the distances 
of all As it is practically impossible to measure our 
distance from the sun dnectly, several attempts have 
been made to determine the distances of Venus 
Mars, or such of the minor planets as come the 
nearest to us Three of these in paiticular the little 
planets Ins, Victoria and Sappho, have given us the 
most accurate determinations of the sun s distance 
(92,874000 miles) which we have yet obtained, but 
Eros at its nearest approach will be six times as near 
to us as either of the three mentioned above, and 
therefore should give us a value with only one sixth 
of the unceitainty attaching to that just mentioned 

The discovery of minor planets has lain outside 
the scope of Greenwich work, but their observation 
has formed an integral part of it The general 
public is apt to lay stress rather on the first than 
on the second and to think it rather a reproach to 
Greenwich that it has taken no part in such exploia 
tions Experience has, however, shown that they 
may be safely left to amateur activity, whilst the 
monotonous drudgery of the observation of minor 
planets can only be properly carried out in a per 
manent institution 

The observation of these minute bodies with the 
transit circle and altazimuth is attended with some 
difficulties , but precise observations of \anous objects 
may be made with an equatorial , indeed, comets aie 
usually observed by its means 

The most ordinary way of observing a comet with 
an equatorial is as follows Two bars are placed in 
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the eye piece of the telescope, at right angles to each 
other, and at an angle of forty five degrees to the 
direction of the apparent daily motion of the stars 
The telescope is turned to the neighbourhood of the 
comet, and moved about until it is detected The 
telescope is then put a little in front of the comet 
and very firmly fixed The observer soon sees the 
comet entering his field, and by pressing the contact 
button he telegraphs to the chronograph the time 
when the comet is exactly bisected by each of the 
bars successively He then waits until a bright star, 
or it may be two or three, have entered the telescope 
and been observed in like manner The telescope 
is then unclamped and moved forward until it is 
again ahead of the comet, and the obseivations are 
repeated , and this is done as often as is thought 
desirable The places of the stais have, of couise 
to be found out from catalogues, or have to be 
observed with the transit circle, but when they are 
known the position of the comet or minor planet can 
easily be inferred 

Next to the glory of having been the means of 
bringing about the publication of Newton’s Pi mapia, 
the greatest achievement of Halley, the second 
Astronomer Royal, was that he was the first to 
piedict the leturn of a comet Newton had shown 
that comets were no lawless wanderers, but were as 
obedient to gravitation as were the planets them 
selves and he also showed how the orbit of a comet 
could be determined from observations on three 
different dates hollowing these principles, Halley 
computed the orbits of no fewer than twenty four 
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comets, and found that three of them, visible at 
intervals of about seventy five years pursued practi 
cally the same path He concluded, theiefore, that 
these were really different appeaiances of the same 
object, and, searching old records, he found reason 
to believe that it had been obseived frequently eat her 
still It seems, in fact, to have been the comet which 
is recorded to have been seen in 1066 in England at 
the time of the Norman invasion , m A D 66 shortly 
before the commencement of that war which ended 
in the destruction of Jerusalem by Titus , and earliei 
still, so fai back as BC 12 Halley, however, ex 
penenced a difficulty in Ins investigation The period 
of the comets revolution was not always the same 
This, he concluded, must be due to the attraction of 
the planets near which the comet might chance to 
travel In the summer of 1681 it had passed very 
close to Jupiter, for instance, and in consequence he 
expected that instead of returning in August 1757, 
seventy five years after its last appearance, it would 
not return until the end of 1758 or the beginning of 
1759 ^ has returned twice since Halley’s day, a 

triumphant verification of the law of gravitation , and 
we are looking for it now for a thud return some 
ten years hence, in 1910 

Halleys comet, therefore, is an integral member 
of our solar system, as much so as the earth or 
Neptune though it is utterly unlike them in appear 
ance and constitution, and though its path is so 
utterly unlike theirs that it approaches the sun 
nearer than our earth, and lecedes farther than 
Neptune But there are other comets, which are 
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not permanent members of our system, but only 
passing visitors From the unf ithomed depths of 
space they come to those depths they go They 
obey the law of gravitation so fai as our sight can 
follow them but what happens to them beyond ? 
Do they come under some other law, or pei chance, 
m outermost space is there still a region reserved to 
primeval Chaos, the 1 Anarch old/ where no law at 
all pi avails ? Gravitation is the bond of the solai 
system , is it also the bond of the Universe ? 



CHAPTER IX 

THE MAGNETIC AND METEOROLOGICAL 
DEPARTMENTS 

Passing out of the south door of the new altazimuth 
building we come to a white cruciform erection 
constructed entirely of wood This is the Magnet 
House or Magnetic Observatory, the home of a 
double Department, the Magnetic and Meteoiological 
This department does not, indeed, lie within the 
original purpose of the Observatory as that was 
defined in the warrant given to Flamsteed and yet 
is so intimately connected with it, through its bearing 
on navigation, that there can be no question as to 
its suitability at Greenwich Indeed, its creation is 
a striking example of the thorough giasp which Airy 
had upon the essential principles which should govern 
the great national observatory of an essentially 
naval race and of the keen insight with which he 
watched the new development of science The 
Magnetic Observatory, therefoie, the purpose of which 
was to deal with the observation of the changes in 
the force and dnection of the earths magnetism — an 
inquiry which the greater delicacy of modern com 
passes, and, in more recent times, the use of iron 
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instead of wood in the construction of ships has 
rendered imperative — was suggested by Airy on the 
first possible occasion after he enteied on his office, 
and was sanctioned in 1837 The Meteorological 
Department has a double bearing on the purpose of 
the Observatory On the one side a knowledge of 
the temperature and pressure of the atmosphere is as 
we have already seen, necessary m ordei to correct 
astronomical observations for the effect of refraction 
On the other hand, meteorology proper the study of 
the movements of the atmosphere the elucidation of 
the laws which regulate those movements, leading to 
accurate forecasts of storms, are of the very first 
necessity for the safety of our shipping It is true 
that weather forecasts are not issued from Greenwich 
Observatory, any more than the Nautical Almanac is 
now issued from it, but just as the Observatory 
furnishes the astronomical data upon which the 
Almanac is based so also it takes its part in furnish 
ing observations to be used by the Meteorological 
Office at Westminstei for its daily predictions 

Those predictions are often made the subject of 
much cheap ridicule , but, however fai short they 
may fall of the exact and accurate predictions which 
we would like to have, yet they maik an enormous 
advance upon the weather lore of our immediate 
forefathers 

4 He tint is weathei wise 
Is seldom other wise 

says the proverb, and the saying is not without a 
shrewd amount of truth For perhaps nowhere can 
we find a more striking combination of imperfect 
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observation and inconsequent deduction than in the 
saws which form the stock m trade of the ordinal y 
would be weather prophet How common it is to 
find men full of the conviction that the weather must 
change at the co called * changes of the moon, 
forgetful that 

If wed no moon at all — 

And that may seem stiange — 

We still should have weathei 
That’s subject to change 

They will say, truly enough, no doubt that they have 
known the weather to change at ‘ new ' or 4 full, as 
the case may be, and they argue that it therefore, 
must always do so But, in fact, they have only 
noted a few chance coincidences, and have let the 
great number of discordances pass by unnoticed 
But observations of this kind seem scientific and 
respectable compared with those numerous weather 
proverbs which are based upon the mere jingle of 
a lhyme, as 

If the ash is out before the oal , 

You may expect a thorough soal — 

a proverb which is deftly inveited in some distncts 
by making * oak 9 rhyme to * choke 

Others, again, are based upon a mere childish fancy, 
as, for example, when the young moon ‘ lying on her 
back’ is supposed to bode a spell of dry weathei, 
because it looks like a cup and so might be thought 
of as able to hold the water 

During the present reign, however, a very different 
method of weather study has come into action, and 
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the foundations of a true weather wisdom have been 
laid These have been based, not on fancied analogies 
or old wives rhymes ora few foiechosen coincidences, 
but upon observations earned on for long periods 
of time and over wide areas of country, and discussed 
in then entirety without selection and bias Above 
all, mathematical analysis has been applied to the 
motions of the air, and ideas, ever gaining in precision 
and exactness have been formulated of the general 
circulation of the atmosphere 

As compaied with its sister science astronomy, 
meteorology appeals to be still in a veiy undeveloped 
state There is such a difference between the power 
of the astionomer to foietell the piecise position of 
sun, moon and planets for yeais, even for centuries, 
beforehand, and the failure of the meteorologist to 
predict the weather foi a single season ahead, that 
the impiession has been widely spread that there is 
yet no true meteoiological science at all It is for- 
gotten that astionomy offeied us, in the movements 
of the heavenly bodies the very simplest and easiest 
problem of related motion Yet foi how many thou 
sands of yeais did men watch the planets, and specu 
late concerning their motions before the labouis of 
Tycho, Kepler, and Newton culminated in the leve- 
lation of their meaning? For countless generations 
it was supposed that their movements regulated the 
lives characters, and private fortunes of individual 
men, just as quite lccently it was fancied that a 
new moon falling on a Saturday, or two full moons 
coming within the same calendai month, bi ought 
bad weather 1 
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It is still impossible to foresee the course of weather 
change for long ahead , but the difference between 
the modern navigator surely and confidently making 
a ‘ bee line * across thousands of miles of ocean to his 
destination and the timid sailor of old creeping from 
point to point of land, is hardly gi eater than the 
contrast between the same two men, the one watching 
his barometer, the other trusting in the old wives 
rhymes which afforded him his only indication as to 
coming storms 

It is still impossible to foresee the weather change 
for long ahead but in our own and in many other 
countries especially the United States, it has been 
found possible to predict the weather of the coming 
four and twenty hours with very considerable exact 
ness, and often to forecast the coming of a great 
storm several days ahead This is the chief purpose 
of the two great observatories of the stoim swept 
Indian and Chinese seas Hong Kong and Mauritius , 
and the value of the work which they have done in 
preventing the loss of ships, and the consequent loss 
of lives and property, has been beyond all estimate 

The Royal Observatoiy Greenwich is a meteoro 
logical as well as an astronomical observatory, but as 
remarked above, it does not itself issue any weather 
forecasts Just as the Greenwich observations of the 
places of the moon and stars are sent to the Nautical 
A Imanac Office, for use in the preparation of thatephe 
mens , just as the Greenwich determinations of time 
are used for the issue of signals to the Post Office, 
whence they are distributed over the kingdom so the 
Greenwich observations of weather are sent to the 
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Meteorological Office, there to be combined with 
similar records from every part of the British Isles 
to form the basis of the daily forecasts which the 
latter office publishes To each of these three offices, 
therefore, the Royal Observatory, Greenwich, stands 
in the relation of purveyor It supplies them with 
the original observations more or less in reduced and 
corrected form, without which they could not carry 
on most important portions of their work 

Let it be noted how closely these three several 
departments, the Nautical Almanac Office, the Time 
Department, and the Meteorological Office, are related 
to practical navigation Whatever questions of pure 
science — of knowledge, that is apart from its useful 
applications — may arise out of the following up of 
these several inquiries, yet the first thought, the first 
principle of each, is to render navigation more sure 
and more safe 

The first of all meteorological instruments is the 
barometer, which, under its two chief forms of mer 
cunal and aneroid, is simply a means of measuring 
the pressure exerted by the atmosphere 

There are two important corrections to which its 
leadings are subject The first is for the height of 
the station above the level of the sea , the second is 
for the effect of temperatuie upon the mercury in the 
barometei itself, lengthening the column To over 
come these, the height of the standard barometer at 
Greenwich above sea level has been most carefully 
ascertained, and the heights relative to it of the other 
barometers of the Observatoiy, particulaily those in 
rooms occupied by fundamental telescopes, have also 
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been determined, whilst the self recording barometei 
is mounted in a basement, where it is almost 
completely protected from changes of tempeiature 
Next in importance to the baiometer as ameteoro 
logical instrument comes the thei mometei The great 
difficulty in the Observatoiy use of the thermometei 
is to secure a perfectly unexceptionable exposuie, so 
that the thermometer may be in free and perfect 
contact with the air, and yet completely shelteied 
from any direct ray fiom the sun This is secuied 
in the great thermometer shed at Gieenwich by a 
double series of ‘louvre boards on the east south, 
and west sides of the shed, the north side being open 
The shed itself is made a very roomy one, in older 
to give access to a greatei body of air 

A most important use of the theimometer is in 
the measurement of the amount of moistuie in the an 
To obtain this a pair of thermometers aie mounted 
close together, the bulb of one being coveied by 
damp muslin, and the other being freely exposed 
If the air is completely saturated with moistuie, no 
evaporation can take place fiom the damp muslin 
and consequently the two thermometers will lead 
the same But if the air be comparatively dry more 
or less evaporation will take place from the wet bulb, 
and its temperature will sink to that at which the 
air would be fully saturated with the moisture which 
it already contained Tor the highei the temperature, 
the gieater is its power of containing moisture The 
difference of the reading of the two thermometei s is, 
therefore, an index of humidity The gieater the 
diffeience, the greatei the power of absoibing moisture, 
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or, in other words the dryness of the air The great 
shed already alluded to is devoted to these companion 
thermometers 

Very closely connected with atmospheric pressure 
as shown us by the barometer, is the study of the 
direction of winds If we take a map of the British 
Isles and the neighbouring countries, and put down 
upon them the baiometer leadings from a great 
number of obseiving stations, and then join together 
the different places which show the same barometric 
pressure, we shall find that these lines of equal 
pressure — technically called ‘ isobars — are apt to run 
much nearer together in some places than in others 
Clearly, where the isobars are close together it means 
that in a very short distance of country we have a 
great difference of atmospheric pressure In this 
case we are likely to get a very strong wind blowing 
from the region of high pressure to the region of low 
pressure, in order to restore the balance 

If, further we had information fiom these various 
observing stations of the dnection in which the 
wind was blowing we should soon perceive other 
relationships F01 instance if we found that the 
barometer read about the same m a line across the 
country from east to west, but that it was higher in 
the north of the islands than in the south we should 
then have a general set of winds from the east, and 
a similar relation would hold good if the barometer 
were highest in some other quartei , that is, the 
prevailing wind will come from a quartei at right 
angles to the region of highest barometer, or, as it 
is expressed in what is known as Buys Ballot s law, 



238 THE ROYAL OBSERVATORY 

stand with your back to the wind, and the barometer 
will be lower on your left hand than on your right ’ 
This law holds good for the northern hemisphere 
generally except near to the equator , in the southern 
hemisphere the right hand is the side of low barometer 

The instruments for wind observation are of two 
classes vanes to show its direction, and anemometers 
to show its speed and its pressure These may be 
regarded as two different modes in which the strength 
of the wind manifests itself Pressuie anemometers 
are usually of two forms one in which a heavy plate 
is allowed to swing by its upper edge in a position 
fronting the wind, the amount of its deviation from 
the vertical being measured , and the other in which 
the plate is supported by springs, the degree of 
compression of the springs being the quantity 
legistered in that case Of the speed anemometers 
the best known form is the ‘ Robinson,’ in which four 
hemisphencal cups are carried at the extremities of 
a couple of cross bars 

For the mounting of these wind instruments the 
old original Observatory known as the Octagon 
Room, has proved an excellent site, with its flat roof 
surmounted by two turrets in the north east and 
north west corners, and raised some two hundred 
feet above high water mark 

The two chief remaining instruments are those 
for measuring the amount of rainfall and of full 
sunshine The rain gauge consists essentially of a 
funnel to collect the rain, and a graduated glass to 
measure it The sunshine recordei usually consists 
of a large glass globe ananged to throw an image 
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of the sun on a piece of specially prepared paper 
This image, as the sun moves in the sky, moves along 
the papei, charring it as it moves, and at the end 
of the day it is easy to see, from the broken, burnt 
trace, at what hours the sun was shining clear, and 
when it was hidden by cloud 

An amusing difficulty was encountered in an 
attempt to set on foot another inquiry The 
Superintendent of the Meteorological Department at 
the time wished to have a measure of the rate at 
which evaporation took place and therefore exposed 
carefully measured quantities of water m the open 
air in a shallow vessel For a few days the recoid 
seemed quite satisfactory Then the evaporation 
showed a sudden increase, and developed in the most 
erratic and inexplicable manner until it was found 
that some sparrows had come to the conclusion that 
the saucei full of water was a kindly piovision foi 
their morning * tub, and had made use of it accoidingly 

A large proportion of the meteoiological instru- 
ments at Gieenwich and other first class observatories 
are arranged to be self recording It was early felt 
that it was necessaiy that the records of the barometer 
and thermometer should be as nearly as possible 
continuous , and at one time, within the memory 
of members of the staff still living, it was the duty 
of the observer to read a certain set of instruments 
at regular two-hour intervals during the whole 
of the day and night — a work probably the most 
monotonous, trying, and distasteful of any that the 
Observatory had to show 

The two hour record was no doubt piactically 

Q 
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equivalent to a continuous one, but it entailed a 
heavy amount of labour Automatic registers were 
therefore introduced whenever they were available 
The earliest of these were mechanical, and several 
still make their records in this manner 

On the roof of the Octagon Room we find, beside 
the two turrets already referred to, a small wooden 
cabin built on a platfoim several feet above the 
i oof level This cabin and the north-western turret 
contain the wind registenng instruments Opening 
the turret door, we find oui selves in a tiny room 
which is nearly filled by a small table Upon this 
table lies a graduated sheet of paper in a metal frame, 
and as we look at it, we see that a clock set up close 
to the table is slowly drawing the paper across it 
Three little pencils rest lightly on the face of the 
paper at different points One of these, and usually 
the most restless, is connected with a spindle which 
comes down into the turret fiom the roof, and which 
is, in fact, the spindle of the wind vane The gearing 
is so contrived that the motion on a pivot of the vane 
is turned into motion in a straight line at right angles 
to the direction in which the paper is drawn by the 
clock A second pencil is connected with the wind 
pressure anemometer The third pencil indicates 
the amount of rain that has fallen since the last 
setting, the pencil being moved by a float in the 
receiver of the ram gauge 

An objection to all the mechanical methods of 
continuous registiation is that, however carefully the 
gearing between the instrument itself and the pencil 
is contrived, however lightly the pencil moves over 
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the paper, yet some friction enters in and affects the 
record this is of no gi eat moment in wind registration, 
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barometer is consideied, since its vanations require 
to be registered with the greatest minuteness When 
photography, therefore was invented, meteorologists 
were veiy prompt to take advantage of this new ally 
A beam of light passing over the head of the column 
of mercuiy in a thermometer or barometer could 
easily be made to fall upon a drum revolving once in 
the twenty four hours, and covered with a sheet of 
photographic paper In this case when the sensitive 
paper is developed we find its upper half blackened 
the lower edge of the blackened part showing an 
irregular cuive according as the meicuiy in the 
thermometer or barometer rose or fell and admitted 
less or more light thiough the space above it 

Heie we have a very perfect means of registration 
the passage of the light exercises no friction or check 
on the free motion of the mercury in the tube, or on 
the turning of the cylinder covered by tne sensitive 
paper whilst it is easy to obtain a time scale on the 
legister by cutting off the light for an instant — say 
at each hour In this way the wet and dry bulb 
thermometers in the great shed make their registers 
The supply of material to the Meteorological 
Office is not the only use of the Greenwich meteoro 
logical observations Two elements of meteorology, 
the tempeiature and the pressure of the atmosphere 
have the very directest bearing upon astronomical 
work And this in two ways An instrument is 
sensible to heat and cold, and undergoes changes of 
foim, size, or scale, which however absolutely minute, 
yet become, with the increased delicacy of modern 
work, not merely appieciable but important bo too 
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with the density of the atmosphere the light from a 
distant star, entering our atmosphere, suffers lefraction , 
and being thus bent out of its path, the stai appears 
higher in the heavens than it really is The amount 
of this bending varies with the density of the layers 
of air through which the light has to pass The two 
great meteoiological instruments the thermometer 
and barometer, are therefore astronomical instiuments 
as well 

In the airangements at Greenwich the Magnetic 
Department is closely connected with the Meteoro 
logical, and it is because the two depaitments have 
been associated togethei that the building devoted 
to both is constructed of wood, not brick since 
ordinary bricks are made of clay which is apt to be 
more or less ferruginous Copper nails have alone 
been employed 111 the construction of the buildings 
The fire giates, coal scuttles, and flic irons aie all of 
the same metal 

The giowth of the Observatoiy has, however, 
made it necessaiy to set up some of the new tele 
scopes, into the mounting of which much iron enters, 
very close to the magnetic building The piesent 
Astronomei Royal has therefore erected a Magnetic 
Pavilion right out in the paik at an ample distance 
from these distuibing causes 

The double department is theiefoie, the most 
widely scattered m the whole Observatory It is 
located for computing purposes in the west wing of 
the New Observatory , many of its magnetic instru 
ments are in the old Magnet House, others are 
across the park 111 the new Magnetic Pavilion , the 




study the movements of the magnetic needle The 
quaintest answer that I ever received in an examina 
tion was in reply to the question 'What is meant by 
magnetic inclination and decimation ? 5 The examinee 
replied 
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anemometers are on the roof of the Octagon Room 
Flamsteed s original observatory, and the self regis- 
tering thermometers aie m the south ground between 
the old Magnet House and the New Observatory 
The object of the Magnetic Obseivatoiy is to 


MAGNETIC PAVILION— EXTERIOI* 
{From a fihotogi afih by Mi Lacey ) 
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4 To make a magnet, you take a needle, and rub it on a 
lodestone If it refuses 01 declines to become a magnet, 
that is magnetic declination if it is easily made a 
magnet, or is inclined to become one, that is magnetic 
inclination ’ 

One greatly regretted that it was necessary to 
mark the reply according to its ignorance, and not, 
as one would have wished, in propoition to its 
ingenuity Magnetic decimation however, as every- 
body knows, measures the deviation of the * needle ' 
from the true geogiaphical north and south direction , 
the inclination 01 dip is the angle which a 4 needle 
makes with the horizon 

At one time the only method of watching the 
movements of the magnetic needles was by direct 
observation, just precisely as it was wont to be in the 
case of the barometer and thermometer But the 
same agent that has been called in to help m their 
case has enabled the magnets also to give us a direct 
and continuous record of then movements In prim 
ciple the arrangement is as follows A small light 
mirror is attached to the magnetic needle, and a 
beam of light is arranged to fall upon the mnroi, 
and is reflected away fiom it to a drum covered 
with sensitive paper If, then, the needle is peifectly 
at rest, a spot of light falls on the drum and blackens 
the paper at one particular point The drum is made 
to revolve by clockwoik once in twenty four hours, 
and the black dot is therefoie lengthened out into 
a stiaight line encircling the drum If, however, the 
needle moves, then the spot of light travels up or 
down, as the case may be 
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Now, if we look at one of these sheets of photo 
graphic paper after it has been taken from the drum, 
we shall see that the noith pole of the magnet has 
moved a little a very little towards the west in the 
early part of the day, say fiom sunnse to 2 pm, and 
has swung backwards from that hour till about 10 p m , 
remaining fairly quiet during the night The extent 



MAGNETIC PAVI1 ION — IN I'Ll IOI 
[Fiom a photograph by Mr Lacey ) 


of this daily swing is but small but it is greater in 
summei than in winter, and it varies also fiom year 
to year 

Besides this daily swing, there occasionally happen 
what aie called magnetic storms , great convulsive 
twitchings of the needle, as if some unseen operator 
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were endeavounng, whilst m a state of intense excite- 
ment to telegraph a message of vast importance, so 
rapid and so shaip ate the movements of the needle 
to and fro These great storms are felt, so fai as we 
know, simultaneously over the whole earth, and the 
moie characteristic begin with a single sharp twitch 
of the needle towards the east 

Besides the movements of the magnetic needle, 
the intensity of the cunents of electricity which are 
always passing through the crust of the earth arc also 
detei mined at Greenwich, but this work has been 
rendered practically useless for the last few yeais by 
the constiuction of the electric lailway from Stockwell 
to the City Since it was opened, the photogiaphic 
register of eatth cunents has shown a bioad blurring 
from the moment of the starting of the first tiam in 
the morning to the stopping of the last tram at night 
As an indication of the delicacy of modern instiu 
ments it may be mentioned that distinct indications 
of the cuirent fiom this railway have been detected 
as far off as North Walsham, in Norfolk a distance 
of moie than a hundred miles A fuithci lllustiation 
of the delicacy of the magnetic needles was affoided 
shoitly aftei the opening of the railway referred to 
On one occasion the then Superintendent of the 
Magnetic Department visited the Generating Station 
at Stockwell and on his return it was noticed 
day aftei day that the traces fiom the magnets 
showed a cunous deflection fiom 9 am to 3 p m , 
the hours of his attendance This gave rise to some 
speculation, as it did not seem possible that the 
gentleman could himself have become magnetized 
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Eventually, the happy accident of a fine day solved 
the mystery That morning the Superintendent left 
his umbrella at home, and the magnets were undis- 
turbed The secret was out The umbrella had 
become a permanent magnet, and its presence m the 
lobby of the magnetic house had been sufficient to 
influence the needles 



CHAPTER X 


TIIF IIELIOGRAPHIC DEPARTMENT 

So far the development of the Observatory had been 
along the central line of assistance to navigation 
But the Magnetic Department led on to one which 
had but a very secondary connection with it 

A greatly enhanced mteiest was given to the 
observations of earth magnetism, when it was found 
that the intensity and frequency of its disturbances 
were in close accord with changes that were in 
progress many millions of miles away lhat the 
surface of the sun was occasionally diveisified by the 
presence of dark spots had been known almost from 
the first invention of the telescope , but it was not 
until the middle of the present centuiy that any 
connection was established between these solai 
changes and the changes which took place in the 
magnetism of the earth Then two observers, the 
one interesting himself entirely with the spots on 
the sun, the other as wholly devoted to the study of 
the movements of the magnetic needle, independently 
found that the paiticulai phenomenon which each 
was watching was one which varied in a more 01 less 
regular cycle And further, when the cycles were 
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compared, they proved to be the same Whatever 
the secret of the connection it is now beyond dispute 
that as the spots on the sun become more and more 
numerous so the daily swing of the magnetic needle 
becomes stronger , and, on the othei hand, as the 
spots dimmish, so the magnetic needle moves moie 
and more feebly 

This discovery has given a greatly increased 
significance to the study of the eaiths magnetism 
The daily swing the occasional ‘storms/ are seen to 
be something more than matters of merely local 
interest , they have the closest connection with 
changes going on m the vast univene beyond , they 
have an astronom cal importance 

And it was soon felt to be necessaiy to supple- 
ment the Magnetic Observatoiy at Greenwich by one 
devoted to the direct study of the solai suiface , and 
here again that invaluable servant of modern science, 
photography was ready to lend its help Just as, 
by the means of photography, the magnets recoided 
their own movements so even moie directly the sun 
himself makes legister of his changes by the same 
agency and giveb us at once his poi trait and his 
autogi aph 

This new department was again due to Airy, and 
in 1673 the ‘Kew photo heliograph, which had been 
designed by De la Rue for this work, was installed 
at Greenwich 

In ordei to photograph so bright a body as the 
sun, it is not in the least necessary to ha\e a very 
large telescope The one in common use at Greenwicli 
from 1875 to 1897 is only foui inches in aperture 
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and even that is usually diminished by a cap to three 
inches, and its focal length is but five feet This is 
not very much larger than what is commonly called 
a ‘ student’s telescope/ but it is amply sufficient for 
its work 

This ‘ Dallmeyer ’ telescope, so called from the 
name of its maker, is one of five identical instruments 
which were made for use in the observation of the 
transit of Venus of 1874, and which, since they are 
designed for photographing the sun, are called ‘ photo 
heliographs 9 

The image of the sun m the pnncipal focus of this 
telescope is about six tenths of an inch in diameter , 
but a magnifying lens is used so that the photograph 
actually obtained is about eight inches Even with 
this great enlargement, the light of the sun is so 
intense that with the slowest photogiaphic plates 
that are made the exposuie has to be for only a very 
small fraction of a second This is managed by 
arranging a very narrow slit m a strip of brass The 
strip is made to run in a groove across the principal 
focus Before the exposure it is fastened up so as to 
cut off all light fiorn entering the camera part of the 
telescope When all is leady, it is released and drawn 
down very rapidly by a powerful spring, and the slit 
flying across the image of the sun, gives exposure to 
the plate for a veiy minute fraction of a second — m 
midsummer for less than a thousandth of a second 

Two of these photographs aie taken every fine 
day at Greenwich , occasionally more, if anything 
specially interesting appears to be going on But in 
our cloudy climate at least one day in three gives no 
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good opportunity for taking photographs of the sun, 
and m the wintei time long weeks may pass without 
a chance The present Astionomer Royal, Mr 
Christie, has therefoie arranged that photographs 
with precisely similar instruments should be taken in 
India and in the Mauritius, and these are sent over 
to Greenwich as they are required, to fill up the 
gaps m the Gieenwich series We have therefore at 
Gieenwich, from one source or another, practically a 
daily record of the state of the sun s surface 

More recently the * Dallmeyei ’ photo-heliograph 
though still retained for occasional use has been 
superseded generally by the ‘ Thompson ’ , a photo 
graphic refractor of nine inches aperture, and nearly 
nine feet focal length presented to the Observatoiy 
by Sir Henry Thompson The image of the sun 
obtained after enlargement in the telescope, with this 
instrument, is seven and a half inches in diameter 
The ‘ Thompson ’ is mounted below the great twenty 
six inch photographic refractor — also presented to the 
Observatory by Sir Henry Thompson — in the dome 
which crowns the centre of the New Observatory 
A photograph of the sun taken, it has next to 
be measured, the four following particulars being 
determined foi each spot First, its distance from 
the centre of the image of the sun , next the angle 
between it and the north point , thirdly, the size of 
the spot , and fourthly, the size of the umbra of the 
spot, that is to sa>, of its dark central portion The 
size or area of the spot is measured by placing a thin 
piece of glass, on which a number of cross lines have 
been ruled one hundredth of an inch apart in contact 
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with the photograph These cross lines make up a 
number of small squares, each the ten thousandth 
(1 0000 in ) P alt °f a square inch in area When the 
photograph and the little engraved glass plate are 
nearly in contact, the photograph is examined with 
a magnifying glass, and the number of little squaies 
covered by a given spot are counted It will give 
some idea of the vast scale of the sun when it is 
stated that a tiny spot, so small that it only just 
covers one of these little squares, and which is only 
one millionth of the visible hemisphere of the sun m 
area yet covers in actual extent considerably more 
than one million of square miles 

The dark spots are not the only objects on the 
suns surface Heie and there, and especially neai 
the edge of the sun are bright maiks, geneially in 
long branching lines, so bright as to appeal bright 
even against the dazzling background of the sun itself 
These are called ‘ faculae/ and they like the spots, 
have their times of great abundance and of scaicity, 
changing on the whole at the same time as the spots 

After the solar photographs have been measured 
the rfieasuies must be 'reduced’ and the positions 
of the spots as expressed in longitude and latitude on 
the sun computed Theie is no difficulty in doing 
this, for the position of the sun s equator and poles 
have long been known approximately, the sun re 
volving on its axis in a little more than twenty-five 
days, and catrying of course the spots and faculae 
lound with him 

There are few studies in astronomy moie engross* 
ing than the watch on the growth and changes of the 
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solar spots Their strange shapes, their rapid move 
ments, and striking alterations afford an unfailing 
interest For example, the amazing spectacle is 
continually being afforded of a spot some two, thice, 
or foui hundred millions of square miles in area 
moving over the solar surface at a speed of three 
hundied miles an hour, whilst other spots in the same 
group are remaining stationary But a highei intei est 
attaches to the behaviour of the sun as a whole than 
to the changes of any paiticular single spot , and the 
cunous fact has been brought to light, that not onl> 
do the spots mciease and dimmish in a regulat cycle 
of about eleven yeais in length, but they also affect 
different regions of the sun at different points of the 
cycle At the time when spots aie most numerous 
and largest they are found occupying two bioad 
belts, the one with its centre about i^° noith of the 
equator, the othei about as fai south, the equator 
itself being very nearly free from them But as the 
spots begin to dimmish, so they appeal continually 
in lower and lower latitudes, until instead of having 
two zones of spots there is only one, and tins one 
lies along the equator By this time the spots have 
become both few and small The next stage is that 
a very few small spots aie seen from time to time in 
one hemisphere or the other at a great distance from 
the equator, much farther than any were seen at the 
time of greatest activity There are then foi a little 
time three sun spot belts, but the equatorial one soon 
dies out The two belts in high latitude on the other 
hand, continually increase , but as they increase, so 
do they move downwards in latitude, until at length 
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they are again found in about latitude 15° north 01 
south, when the spots have attained their gieatest 
development 

The clearest connection between the magnetic 
movements and the sun-spot changes is seen when 
we take the mean values of eithei for considerable 
periods of time, as, for instance, year by year But 
occasionally we have much more special instances of 
this connection Some three or foui times within the 
last twenty years an enormous spot has broken out 
on the sun, a spot so vast that worlds as great as our 
own could lie m it like peas in a breakfast saucer, 
and in each case there has been an immediate and a 
threefold answer from the earth One of the most 
remarkable of these occuned in November, 1882 A 
great spot was then seen covering an area of moie 
than three thousand millions of square miles The 
weather in London happened to be somewhat foggy 
and the sun loomed, a dull red ball, thi ough the ha7e, 
a ball it was peifectly easy to look at without specially 
shading the eyes So large a spot under such cir 
cumstances was quite visible to the naked eye, and 
it caught the attention of a great number of people 
many of whom knew nothing about the existence of 
spots on the sun 

This great disturbance, evidently something of 
the nature of a storm in the solar atmosphere, 
stretched over one hundred thousand miles on the 
suiface of the sun The disturbance extended 
farther still, even to nearly one hundied millions of 
miles Tor simultaneously with the appearance of 
the spot the magnetic needles at Gieenwich began 
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to suffer from a stiange excitement, an excitement 
•which grew from day to da> until it had passed 
half way across the sun s disc As the twitchmgs 
of the magnetic needle increased 111 fiequency and 
violence, other symptoms weie noticed throughout 
the length of the British Isles Telegraphic com 
mumcation was greatly interfered with The tele- 
graph lines had other messages to cany more urgent 
than those of men The needles in the telegiaph 
instruments twitched to and fio The signal bells 
on many of the 1 ail way lines were rung, and some 
of the opeiatois leceived shocks from their instru 
ments Lastly, on November 17, a superb aurora 
was witnessed, the culminating featuie of which was 
the appearance, at about six o clock in the evening, 
of a mysterious beam of greenish light in shape 
something like a cigar, and many clegiees in length 
which lose in the east and ciossed the sky at a pace 
much quicker than but nearly as even as that of sun, 
moon, 01 stars, till it set m the west two minutes 
after its rising 

So far we have been dealing only with effects 
Their causes still rest hidden fiom us There is 
clearly a connection between the solai activity as 
shown by the spots and the agitation of the magnetic 
needles But many gieat spots find no answer in 
any magnetic vibiation, and not a few considerable 
magnetic storms occur when we can detect no great 
solar changes to conespond 

Thus even m the simplest case befoie us we have 
still very much to explain Two far more difficult 
problems are still offered us foi solution What is 
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the cause of these mystenous solar spots ? and have 
they any tiaceable connection with the fitful vagaries 
of earthly weather? It was early suggested that 
probably the first pioblem might find an answer in 
the ever vaiying combinations and configuiations of 
the various planets, and that the sun spots in their 
turn might hold the key of our meteorology Both 
ideas were eagcily followed up— not that there was 
much to support either but because they seemed to 
offer the only possible hope of our being able to 
foietell the general cunent of weathei change for any 
long period in advance So far, however, the fiist 
idea may be considered as completely disci edited 
As to the second theic would appear to be, in the 
case of ceitain great tropical and continental countries 
like India, some slight but by no means conclusive 
evidence of a connection between the changes in the 
annual lainfall and the changes in the spotted surface 
of the sun Dr Meldium, the late veteian Director 
of the gieat Meteorological Obscivatory in Mauritius 
has expressed himself as confident that the years of 
most spots are the ycais of most violent cyclones in 
the Indian Ocean But this is about as far as real 
progress has been made and it may be taken as 
ceitain that many ycais more of obsuvation will be 
requited, and the labours of many skilful investigators, 
before we can hope to cany much faither our know 
ledge as to any connection between storm and sun 
A fui tlier relation of gieat intci est has come to 
light within the last few years The yeir 1868 
opened a new epoch in the study of eclipses of the 
sun These, peihaps, scaiccly lie within the scope 



264 THE ROYAL OBSERVATORY 

of a book on the Royal Observatory, since Greenwich 
has seen but one m all its historj That fell m the 
year 1715 , for the next it must wait many centuries 
Yet, as the late Astronomer Royal conducted three 
expeditions to sec total eclipses, and as the piesent 
Astronomer Royal has undertaken a like number, 
and members of the staff have been sent on othei 
occasions, it may not be deemed quite a digiession 
to refer to one feature which they have brought to 
light 

When the dark body of the moon has entirely 
hidden the sun, we have revealed to us, there and 
then only, that strange and beautiful sunounding of 
the sun which we call the corona The earlier 
observations of the corona seem to reveal it as a 
body of the most weird and intricate foim, a form 
which seemed to change quite lawlessly from one 
eclipse to anothei But latterly it has been abun 
dantly cleat that the forms which it assumes may be 
giouped under a few well defined types In 1878 
the coiona was of a paiticularly simple and staking 
charactei Two great wings shot out cast and west 
in the dnection of the suns equator, round cither 
pole was a cluster of beautiful radiating ‘ plumes 
It was then recollected that the corona of 1867 had 
been of precisely the same character, both years 
being years when sun spots were at then fewest 
The coronae, on the other hand, seen at times when 
sun spots are moie abundant, were of an altogether 
different chaiacter, the streamers being irregularly 
distributed all round the sun Other types also have 
been lccogm^ed, and it is perfectly apparent that the 
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coiona changes its shape in close accordance with 
the eleven year penod The eclipses of 1889 and 
1900 for example, showed coronne that boie the very 
closest resemblance to those of 1878 and 1866 the 
interval of eleven years bunging a letuin to the same 
form 

The further problem therefoie, now confronts us 
Does the corona produce the sun spots, or do the 
sun spots produce the corona, or aie both the result 
of some mysterious magnetic action of the sun an 
action powerful enough on occasion to thrill through 
and through this world of ours ninety-three millions 
of miles away ? 



CHAPTER XI 

THE SPEC! ROSCOPIC DEPARTMENT 

ANOTHER department was set on foot by Any at the 
same time as the ITeliographic Department, and in 
connection with it , and it is the department which 
has the greatest of mtei est for the general public 
This deals with astronomical physics, 01 astiophysics 
as it is sometimes more shoitly called , the astronomy 
that is which tieats of the constitution and condition 
of the heavenly bodies not with then movements 
The older astronomy, on the othei hand, confined 
itself to the movements of the heavens so entnely 
that Bessel, the man whose piactical genius rcvo 
lutionized the science of observation and whose 
influence maybe tiaced throughout m Airys great 
reconstitution of Gieenwich Observatoiy, denied that 
anything but the study of the celestial movements 
had a light to the title of astronomy at all Ilaidly 
more than sixty years ago he wrote 

c Whit astionomy is expected to accomplish is evidently 
at all times the same It may lay clown rules by which 
the movements of the celestial bodies, as they appeu to 
us upon the earth, can be computed All else which we 
may learn respecting these bodies, as, for example their 
66 
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VPpeaiance, and the character of their surfaces, is indeed 
not undeseiving of attention, but possesses no piopei astio 
nomical intei est Whethei the mountains of the moon are 
"Uianged m this way or m that is no fuithei an object of 
est to astronomeis than is a 1 nowledge of the mountains 
or the eaith to others Whether Jupiter appears with darl 
stupes upon its surface, or is uniformly illuminated pertains 
ls little to the lnquiues of the astronomei and its foui 
moons aie interesting to him only for the motions they 
have To learn so peifectly the motions of the celestial 
bodies that for any specified time an accuiate computation 
of these can be given — that was, and is, the ptoblem which 
^stionomy has to solve 

There is a curious irony of progress which seems 
to delight in falsifying the predictions of even mastei 
minds as to the limits beyond which it cannot 
ulv nice Bessel laid down his dictum as to the true 
subjects of astronomical inquiry, Comte declared that 
wc could never learn what were the elements of 
which the stars were composed, at the very time that 
the first steps were being taken towards the creation 
of t lesearch which should begin by demonstiating 
the existence in the heavenly bodies of the elements 
with which we aie familiar on the earth and should 
go on to prove itself a tiue astionomy, even in 
Bessel’s restucted sense, by supplying the means for 
determining motion in a dnection which he would 
li avc thought impossible — that is to say, directly to 
ot fiom us 

The yeais that followed Kuchhoff s application 
of the spectioscope to the study of the sun, and his 
demonstration that sodium and lion existed 111 the 
solu.1 atmospheie, weie ciowded with a succession of 
bnlliant discoveries m the same field Kirchhoff, 
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Bunsen Angstrom, Thal£n, added element after 
element to the list of those recognized in the sun 
Huggins and Miller carried the same research into 
a far more difficult field, and showed us the same 
elements in the stars Rutheifurd and Secchi grouped 
the stars according to the types of their spectra, and 
so laid the foundations of what may be termed stellar 
comparative anatomy Huggins discovered true 
gaseous nebulae, and so revived the nebular theory, 
which had been supposed crushed when the great 
telescope of Lord Rosse appeared to have resolved 
several portions of the Orion nebula into separate 
stars The great riddle of ‘new stars ’ — which still 
remains a riddle — was at least attacked, and glowing 
hydrogen was seen to be a feature in their constitution 
Glowing hydrogen, again, was, in the observation of 
total eclipses, seen to be a principal constituent 
of those surroundings of our own sun which we 
now call prominences and chromosphere Then the 
method was discovered of observing the prominences 
without an eclipse, and they were found to wax and 
wane in more or less sympathy with the solar spots 
Sun spots, planets, comets, meteors, variable stars, all 
were studied with the new instrument, and all yielded 
to it fiesh and valuable, and often unexpected, 
information 

In this activity Greenwich Observatory practically 
took no part Airy, ever mindful of the original 
purpose of the Observatory, and deeply imbued with 
views similar to those which we have quoted from 
Bessel, considered that the new science lay outside 
the scope of his duties, until in Mr, now Sir William, 
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{From a photograph tal tn at the Royal Observatory Gre /notch 
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Huggins s skilful hands the spectroscope showed itself 
not only as a means for detei mining the condition 
and constitution of the stars but also then movements 
until 111 short, it had shown itself as an astronomical 
instrument even within Bessels narrow definition 
The principle of this inquiry is as follows If a 
source of light is appioaching us very inpidly, then 
the waves of light coming fiom it necessanly appear 
a little shorter than they leally are, or, in other woids, 
that light appeals to be slightly more blue— the blue 
waves being shortei than the 1 ed— than it really is 
A similar thing with regaid to the waves of sound is 
often noticed 111 connection with a lailway tiain If 
an express tiain, the whistle of which is blowing the 
whole time, dashes past us at full speed theie is a 
perceptible drop in the note of the whistle aftei it has 
gone by The sound waves as it was coming weic a 
little shortened, and the whistle theiefore appealed to 
have a sharpei note than it had in leality And in 
the same way, when it had gone by, the sound waves 
were a little lengthened, making the note of the 
whistle appear a very little flatter 

Such a change of coloui in a star could never 
have been detected without the spectroscope , but 
since when light passes thiough a pi ism the shorter 
waves are refi acted more strongly, that is to say, are 
more turned out of their course than the longei, the 
spectroscope affords us the means of detecting and 
measuring this change Let us suppose that the 
lines of hydrogen are recognized in a given star If 
we compare the spectrum of this star with the 
spectrum of a tube containing hydrogen and through 
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which the electric spark is passing, we shall be able 
to see whether any particular hydrogen line occupies 
the same place as shown by the two spectra If the 
line from the star is a little to the red of the line from 
the tube, the star must be receding from us , if to the 
blue, approaching us The amount of displacement 
may be measured by a delicate micrometer, and the 
rate of motion concluded from it 

The principle is clear enough The actual working 
out of the observation was one of very great difficulty 
The movements of the stars towards us, or away from 
us, are, in general, extremely slow as compared with 
the speed of light itself, and hence the appaient 
shift in the position of a line is only perceptible when 
a very powerful spectroscope is used This means 
that the feeble light of a star has to be spiead out 
into a gieat length of spectrum, and a very powerful 
telescope is necessary The work of obseiving the 
motions of stars in the line of sight was staited at 
Gieenwich in 1875, the ‘Gieat Equatonal being 
devoted to it This telescope, of 12^ inches apertuie, 
was not powerful enough to do much more than 
afford a general indication of the direction m which 
the principal stars were moving, and to confirm in a 
general way the inference which various astionomers 
had found, from discussing the proper motions of 
stars, that the sun and the solar system were moving 
towards that pait of the heavens where the constella 
tions Heicules and Lyra are placed In 1891, 
therefore, the work was discontinued, and as already 
mentioned, the 12J telescope by Merz was removed 
to make room for the present much larger instrument 
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by Sir Howard Grubb upon the same mounting 
The new telescope being much larger than the one 
for which mounting and observing room were 
originally built it was not possible to put the 
spectroscope in the usual position in the same 
straight line as the great telescope It was therefore 
mounted under it, and parallel to it, and the light of 
the star was brought into it after two reflections 
The observer theiefore stood with his back to the 
object and looked down into the spectroscope It 
had, however become apparent by this time that this 
most delicate field of work was one for which photo- 
graphy possessed several advantages, and as Sir 
Henry Thompson had made the munificent gift to 
the Observatory of a great photographic equatorial, it 
was resolved to devote the 28 inch telescope chiefly 
to double star work and to transfer the spectroscope 
to the ‘New Building 1 

The ‘New Observatory’ in the south ground is 
ciowned indeed with the dome devoted to the great 
Thompson photographic refractor, but this is not its 
chief purpose Its principal floor contains four fine 
rooms which are used as ‘ computing rooms ’ — for the 
office work, that is to say, of the Obseivatoiy Of 
these the principal is in the noith wing where the 
mam entrance is placed, and is occupied by the 
Astronomer Royal and the two chief assistants 
The basement contains the libraries and the workshops 
of the mechanics and carpenters The uppei floor 
will eventually be used for the storage of photographs 
and manuscnpts, and the tcirace roofs of the four 
wings will be exceedingly convenient for occasional 
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observations, as, for example, of meteor showers 
The central dome, which rises high above the level of 
the terraces, is the only 100m in the building devoted 
to telescopic woik As in the New Altazimuth 
building a ring of circular lights just below the 
coping of the wall recalls the poi tholes of a ship, and 
again leminds us of the connection of the Observatory 
with navigation 
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Here the spectroscope is now placed, but not, as 
it happens, on the Thompson refractor The equa- 
torial mounting m this new dome is a modification of 
what is usually called the * German ’ form of mounting 
— that is to say, theie is but one pier to support the 
telescope, and the telescope rides on one side of the 
piei and a counterpoise balances it on the other 
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The * Gieat Equatorial* on the other hand, is an 
example of the English mounting and has two piers, 
one north and the othei south, whilst the telescope 
swings m a frame between them In the new dome 
three telescopes aie found rigidly connected with each 
othei on one side of the piei, the telescopes being (1) 
the great Thompson photogiaphic telescope double 
the apeiture and double the focal length of the 
standard astrogiaphic telescope used foi the Interna- 
tional Photogiaphic Sutvey , (2) the 12^ telescope by 
Meiz, that used to be in the great South East dome, 
but which is now rigidly connected with the Thompson 
lefractoi as a guide telescope, and (3) a photographic 
telescope of 9 inches apeituie, alieady descubed as 
the ‘ Thompson ’ photo hcliogiaph, and used for 
photogiaphing the sun 01 m eclipse expeditions 
The counterpoise to this collection of instruments is 
not a mere mass of lead, but a powerful reflector of 
30 inches apeituie,and it is to this telescope that the 
spectroscope is now attached At the present time, 
howcvci (August 1900) lcguhr work has not been 
commenced with it 

Beside this ittempt to determine the motions of 
the stars as they appioach us 01 ictreat fiom us, 
on raic occasions the spectroscope has been tuined 
on the planets As these shine by reflected light, 
their spectia are normally the same as that of the 
sun Mars appeared to the wntei, as to Huggins 
and othei s, to show some slight indication of the 
presence of watei vapoui in its atmospheie Jupiter 
and Saturn show that then atmospheies contain some 
absorbing vapour unknown to ouis And Uranus 
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and Neptune, faint and distant as they are, not only 
show the same daih band given by the two neaiei 
planets, but seveial others More atti active has been 
the examination of the spectra of the brighter comets 
that have visited us The years 1881 and 1882 were 
especially rich in these The two principal comets of 
1881 were called after their respective discoverers, 
Tebbutt’s and Schaebeile’s They were not bright 
enough to attract popular attention, though they 
could be seen with the naked eye, and both gave 
clear indications of the presence of carbon their 
spectra closely resembling that of the blue part of a 
gas or candle flame There was nothing particularly 
novel in these observations, since comets usually show 
this carbon spectrum, though why they should is still 
a matter for inquiry , but the two cornets of the 
following yeai were much more interesting Both 
comets came very neai indeed to the sun The earlier 
one, called from its discoverer Comet Wells, as it drew 
near to the sun, began to grow more and more yellow, 
until in the first week of June it looked as full an 
orange as even the so called red planet, Mars The 
spectroscope showed the reason of this at a glance 
The comet had been rich in sodium So long as it 
was far from the sun the sodium made no sign, but as 
it came close to it the sodium was turned into glowing 
vapour under the fierce solar heat And as the writer 
saw it in the early dawn of June 7, the comet itself 
was a disc of much the same colour as Mais, whilst 
its spectrum resembled that of a spirit lamp that has 
been plentifully fed with carbonate of soda or common 
salt The ‘ Great Comet ’ of the autumn of the same 
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year, and which was so bnlliant an object in the early 
morning, came yet nearer to the sun, and the heating 
piocess went on further The sodium lines blazed 
up as they had done with Comet Wells, but under the 
fiercer stress of heat to which the Great Comet was 
subjected the lines of iron also flashed out, a significant 
indication of the tremendous tempeiature to which it 
was exposed 

There aie two othei departments of spectioscopic 
work which it was attempted for a time to carry on as 
part of the Greenwich routine These were the daily 
mapping of the prominences round the sun, and the 
detailed examination of the spectra of sun spots 
Both are almost necessaiy complements of the work 
done m the hcliogi aphic department — that is to say, 
the woik of photogiaphmg the appearance of the 
sun day by day, and of measuring the positions and 
areas of the spots T or the spots afford but one index 
out of several, of the changes in the sun’s activity 
The prominences afford another, nor can we at the 
present moment say authoi itatively which is the more 
significant Then again, with regard to the spots 
themselves, it is not certain that eithei their extent 
or then changes of appearance are the featuics which 
it is most important for us to study We want, if 
possible, to get down to the soul of the spot, to find 
out what makes one spot differ from another, and 
heie the spectioscope can help us Gieat sun-spots 
are often connected with violent agitation of the 
magnetic needles, and with displays of auione But 
they are not always so, and the inquily, ‘ What makes 
them to differ ? ' has been made again and again, 
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without as yet receiving any unmistakable answer The 
great spot of November, 1882 uhichwas connected with 
so remarkable an aurora and so \10lent a magnetic 
storm, was as singular in its spectrum as in its earthly 
effects The sun was only seen through much fog, 
and the spectrum was theiefore very faint, but shooting 
up from almost every part of its area, except the 
veiy darkest were great masses of intensely brilliant 
hydrogen, evidently under great pressuie The 
sodium lines were extremely broadened, and on 
November 20 a broad bright flame of hydrogen was 
seen shooting up at an immense speed from one edge 
of the nucleus A similar effect — an outburst of 
intensely luminous hydrogen — has often been observed 
in spots which have been accompanied by great 
magnetic storms , and it may even be that it is this 
violent eruption of intensely heated gas which has 
the directest connection with the magnetic and 
auroial distuibances here upon eaith 

This sun spot work was not earned on for veiy 
long as only one assistant could be spared for the 
entiie solai work of whatever charactei Yet m that 
time an intei estmg discoveiy was made by the writer 
namely, that in the green part of the spectrum of 
ceitain spots a number of broad diffused lines or 
nairow bands made their appeaiance fiom time to 
time, and especially when sun spots were increasing 
in numbei, or were at their gieatest development 
The piominence woik had also to be diopped, 
partly for the same reason, but chiefly because the 
atmospheric conditions at Greenwich aie not suitable 
for these delicate astrophysical researches When 
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the Observatory was founded ‘in the golden days’ 
of Charles II , Greenwich was a little country town 
far enough removed from the great capital, and no 
interference from its smoke and dust had to be feared 
or was dreamt of Now the ‘great wen,’ as Cobbett 
called it, has spread far aiound and beyond it and 
the days when the sky is sufficiently pure lound the 
sun for successful spectium work on the spots or 
prominences aie few indeed 

Whether in the future it will be thought advisable 
for the Royal Observatory to enter into serious 
competition in inquiries of this description with the 
great 1 astrophysical ’ observatories of the Continent 
and of America — Potsdam, Meudon, the Lick, and 
the Yerkes we cannot say That would involve a 
\ery considerable departure from its original pio- 
gramme, and probably also a departure from its 
original site Lor the conditions at Gieenwicb tend 
to become steadily less favouiable for such woik, and 
it would most probably be found that full efficiency 
could only be secured by setting up a branch or 
blanches fai fiom the monster town 

With the oldei woik it is othciwibe So long as 
Greenwich Paik and Blackheath aie kept — as it is 
to be hoped they always will be — sacied from the 
invasion of the buildei , so long as no new lailways 
buirow their tunnels in the neighbourhood of the 
Obscrvitoiy so long the fundamental duties Hid 
upon Flamsteed ‘of Rectifying the Tables of the 
Motions of the Heavens and the Places of the Fixed 
Stars, will be earned out by his successors on 
Flamsteed Hill 



CHAPTER XII 

THE ASTROGRAPHIC DEPARTMENT 

The two last departments mentioned, the heliographic 
and spectioscopic, he cleaily and unmistakably 
outside the terms of the ouginal warrant of the 
Observatory, though the progiess of science has led 
naturally and inevitably to their being included in 
the Greenwich programme But the Astrographic 
Department, though it could no moie have been 
conceived in the days of Charles II than the 
spectroscopic, does come within the terms of the 
warrant, and is but an expansion of that work of 
‘Rectifying the Places of the Pixed Stars, which 
formed part of the programme enjoined upon Plam 
steed, the first Astronomer Royal, at the fust founda 
tion of the Observatory, and which was so diligently 
carried out by him, the first Greenwich catalogue, 
containing about 3000 stars, being due to his labours 
His immediate successois did much less m this 
field, though Bradley’s observations weie published, 
long after his death, as a catalogue of 3222 stars, in 
some aspects the most important evei issued Pond, 
the sixth Astronomer Royal, restored catalogue- 
making to a prominent place in the Greenwich routine, 
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and his precedent is sedulously followed to day But 
each of these was confined to about 3000 stars The 
necessity has long been felt for a much amplei census, 
and Atgelander at the Bonn Obseivatory brought 
out a catalogue of ^24000 stars noith of South 
declination 2 , a work which has been completed by 
Schonfeld who carried the census down to South 
declination 23 0 and by the two great astronomers of 
Cordoba, South America, Dr Gould and Dr Thome, 
by whom it was extended to the South Pole 

These last three catalogues embrace stars of all 
magnitudes down to the 9th or 10th , but certain 
astionomers had endeavoured to go much lower, and 
to make charts of limited portions of the sky down to 
even the 14th magnitude 

Trom the veiy earliest days that men observed 
the stars, they could not help noticing that ‘one stai 
differeth from another stai in gloiy.’and consequently 
they divided tnem into six classes, according to their 
brightness— classes which aie commonly spoken of 
now as magnitudes The ordinary 6th magnitude 
star is one which can be cleai ly seen by average sight 
on a good night, and it gives us about one hundiedlh 
the light of an average 1st magnitude star Sirius 
the bnghtest of all the fixed stais, is called a xst 
magnitude star, but is really some six or seven times 
as bright as the average It would take, therefoic 
moie than two and a half million stars of the 14th 
magnitude to give as much light as Sinus 

It is evident that so searching a census as to 
embiace stars of the 14th magnitude would involve 
a most gigantic chart But the work went on in 



288 


THE ROYAL OBSERVATORY 


more than one Observatory for a considerable time, 
until at last the observers entered on to the region 
of the Milky Way Here the numbers of the stais 
presented to them were so great as to baffle all 
ordinary means of observation What could be 
done ? 

Just at this time immense interest was caused in 
the astronomical world by the appearance of the great 
comet of 1882 It was watched and observed and 
sketched by countless admirers, but more important 
still, it was photographed, and some of its photographs 
taken at the Royal Observatory Cape of Good Hope, 
showed not only the comet with marvellous beauty 
of detail, but also thousands of stais, and the success 
of these photographs suggested to her Majesty s 
Astronomer at the Cape, Dr Gill, that in photography 
we possessed the means for making a complete sky 
census even to the 14th magnitude 

The project was thought over m all its bearings, 
and m 1887 a gieat conference of astronomeis at 
Pans resolved upon an international scheme for 
photographing the entire heavens The woik was to 
be divided between eighteen Observatories of different 
nationalities It was to result in a photographic 
chart extending to the r4th magnitude, and probably 
embracing some forty million stars, and a catalogue 
made from measures of the photographs down to 
the nth magnitude, which would probably include 
between two and three million stars 

The eighteen Observatories all undertook to use 
instruments of the same capacity This was to be 
a photographic refractor, with an object-glass of 13 




1 HI CON II OX 1FN0UIUM AND XXII BASI Of Till 
1II0MIS0N 1FIISCOIF 


I 



290 


1HE ROYAL OBSERVATORY 


inches aperture and n feet focus At Gieenwich 
this telescope is mounted equatoriallj, — that is, so as 
to follow the stars in their courses — and is mounted 
on the top of the pier that once supported Halley’s 
quadrant The telescope is driven by a most efficient 
clock, whose motive powei is a heavy weight The 
rate of the weight in falling is regulated by an 
ingenious governor, which brings its speed very nearly 
indeed to that of the star, and any little irregularities 
in its motion are coriected by the following device 
A seconds pendulum is mounted in a glass case on 
the wall of the Observatory, and a needle at the 
lower end of the pendulum passes at each swing 
through a globule of mercury On one of the wheels 
of the clock are arranged a number of little brass 
points, at such intervals apait that the wheel, when 
going at the pioper rate, takes exactly one second 
to move through the distance between any pair A 
little spring is arranged above the wheel, so that 
these points touch it as they pass If this occurs 
exactly as the pendulum point passes through the 
mercury nothing happens, but if the clock is ever 
so little late or early, the electric current from the 
pendulum brings into action a second wheel, which 
acceleiates or retards the driving of the clock, as the 
case may be The total motion, therefore, is most 
beautifully even 

But even this is not quite sufficient, especially as 
the plates for the great chart have to be exposed 
foi at least forty minutes Rigidly united with the 
13 inch refractor, so that the two look like the two 
banels of a huge double barrelled gun, is a second 
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possible to the centre of the field to be photographed 
is bi ought to the junction of two wues Should the 
star appear to move away from the wire, the observer 
has but to press one of two buttons on a little plate 
which he carries in his hand, and which is connected 
by an electric wire with the driving clock, to bring it 
back to its position 

The photographs taken with this instrument are 
of two kinds Those for the gieat chait have but 
a single exposure but this lasts for forty minutes 
Those for the great catalogue have three exposuies 
on them, the three images of a star being some 
20 seconds of aic apart These exposures aie of 
six minutes, thiee minutes, and twenty seconds 
duiation ana the last exposure is given as a test, 
since, if stars of the 9th magnitude are \1s1ble with 
an exposure of twentv seconds, stms of the nth 
magnitude should be visible with three minutes 
exposure 

Thus it will be seen that in three minutes an 
impression is got of many scores of stars, whose 
places it would lequne many hours to determine at 
the transit mstiument But the positions of these 
stars on the plate still remain to be measured Bor 
this purpose a net work of lines, at right angles to 
each other, is printed on the photograph before its 
development and after it has been developed, washed 
and dned the distances of the stars from their 
nearest cross lines are measured in the measuring 
machine 

The measuring machine is constructed to hold 
two plates, one half its breadth higher than the other 
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In fact, m each of the two senes of photographs the 
whole sky is taken twice but the two photographs 
of any region are not simply duplicates of each 
othei The centre of each plate is at a corner of 
four other plates and in the micrometer the stars 
on the quarter common to two plates are measured 
simultaneously 

In this way will be earned out a gieat census of 
the sky that will exceed Flamsteed s ten thousand 
fold And just as Hamsteeds was but the first of 
many similai catalogues, so no doubt, will this be 
followed by others — not superseded for its value will 
increase with its age and the number of those that 
follow it, by comparison with which it will prove 
an inexhaustible mine of information concerning 
the motions of the stars and the structure of the 
universe 

Theie is a gieat difference between the woik of 
the obseivei with the * Astrographic Telescope 9 as 
this great twin photogiaphic mstiumcnt is called, 
and the work of the tiansit obseiver The lattei 
sees the stai gliding past him, and telegiaphs the 
instant that the star threads itself on each of the 
ten vertical wires in succession The astiographic 
observer, on the other hand, sees his star shining 
almost immovably in the centre of his field thieaded 
on the two cross wucs placed theie, for the driving 
clock moves the telescope so as to almost exactly 
compensate for the rotation movement of the earth 
The obseivers duty m this case is to telegraph to 
his driving clock, when it has in the least come shoit 
of 01 exceeded its duty, and so to bring back the 
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guiding star’ to its exact proper place on the cioss 
wires 

So far, the work of the Astrographic Department 
has been, as mentioned above, a development on an 
extraordinary scale, but a development still, of the 
original programme of the Obseivatory But the 
munificent gift of Sir Henry Thompson has put it 
within the power of the Astronomer Royal to push 
this work of sidereal photography a stage fuither 
Sir Henry Thompson gave to the Observatory, not 
merely the photographic refractoi of 9 inches apei 
ture, now used for solar photography and known as 
the ' Thompson photo heliograph, but also one of 26 
inches' aperture and 22^ feet focal length This 
instrument was specially designed of exactly double 
the dimensions of the standard astrographic telescope 
used for the International Photographic Suivey, the 
idea being that, in the case of a field of special intei est 
and importance, a photograph could be obtained 
with the larger instrument on exactly double the 
scale given by the smaller It has rathei, however 
found its usefulness in a slightly different field The 
observation of the satellites of Jupiter was suggested 
by Galileo as a means of determining the longitude 
at sea As already pointed out, the suggestion did 
not prove to be a practical one for that purpose, but 
observations of the satellites have been made none 
the less with a view simply to impi oving oui know 
ledge of their movements, and of the mass of Jupiter 
The utilitarian motive for the work having fallen 
through, it has been carried on as a mattei of pure 
science 
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In just the same way, when the discoveiy 
of Neptune was followed by that of a solitary 
companion to it, this also had to be followed The 
difficulties in the way of obseiving the fainter of all 
these satellites weie considerable, and the work has 
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And the work has not stopped with the satellites 
of Jupiter , eight satellites were in due time discoveied 
to Saturn, four to Uranus and two to Mars , and 
though these could give not the remotest assistance 
to navigation, they too have been made the subjects 
of observation for precisely the same reason as those 
of Jupiter have been 
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been mostly confined to two or thiee observatories 
possessing very large telescopes As the largest 
telescope at Greenwich was only 7 inches in apertuie 
up to 1859, and only I 2 f inches up to 1893, it is only 
very recently that it has been able to take any very 
substantial part in satellite measuies But since the 
Thompson photographic telescope was set up it has 
been found that a photograph of Neptune and its 
satellite can be taken in considerably less time than 
a complete set of direct measuies can be made, whilst 
the photograph, which can be measured at leisure 
during the day, gives distinctly the moie accurate 
results 

So, too, the places of the minor planets can be 
got moie accurately and quickly by means of photo 
graphs with this great telescope than by dnect 
observation, and photographs of the most interesting 
of them all, the little planet Eros, have been veiy 
successfully obtained So that, though doing 
nothing duectly to improve the art of navigation, or 
to find the longitude at sea, the great photographic 
refractor takes its share in the work of 4 Rectifying 
the Tables of the Planets 

The reflector of 30 inches' aperture, which acts 
as a counterpoise to the sheaf of telescopes of the 
Thompson, is intended for use with the spectroscope 
the quality which minors possess of bunging all 
rays whatever their colour, to the same focus being 
of great importance for spectroscopic work But the 
experiments which have been made with it in celestial 
photography have proved so extremely successful as 
to cause the postponement of the recommencement 





{From a photograph taken at the Royal Observatory , Gi 
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of the spectioscopic researches Chief amongst these 
photogiaphs are some good ones of the moon, and 
moie recently some exceedingly fine photographs 
of the principal nebulae 

In no department of astronomy has photogiaphy 
bi ought us such staking results as in regard to the 
nebulm Dr Robeits photograph of the great 
nebula in Andiomeda converted the two or three 
meaningless rifts — which some of the best drawings 
had shown — into the divisions between concentric 
lings , and what had appeared a mere shapeless cloud 
was seen to be a vast symmetrical structuie, a great 
sideieal system in the making The gieat nebula in 
Onon has giown in successive photogiaphs in detail 
and extent, until we have a large pait of the con 
stellation bound together in the convolutions of a 
single nebula of the most exquisite detail and most 
amazing complexity The group of the Pleiades has 
had a more wondeiful lecord still Manifestly a 
single system even to the naked eye, and showing 
some faint indications of nebulosity in the telescope, 
the photogiaphs have levealed its principal stars 
shining out from nebulous masses, in appeal ance like 
carded wool, and have shown smallei stais threaded 
on nebulous lines like pearls upon a string 

Such photogiaphs are, of course, of no utilitarian 
value, and at piescnt they lead us to no definite 
scientific conclusions I hey lie, therefore, doubly 
outside the limits of the purely piactical, but they 
attract us by then extieme beauty, and by the 
amazing difficulty of the problems they suggest 
I low are these wend masses of gas retained in such 
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complex form over distances which must be reckoned 
by millions of millions of miles ? By what agency 
are they made to glow so as to be visible to us here ? 
What conceivable condition threads together suns on 
a line of nebula? What universes are here in the 
making, or perhaps it may be falling into ruin and 
decay ? 



CHAPTER XIII 

THE DOUBLE STAR DEPARTMENT 

The foregoing chapters will have shown that though 
the original purpose of the Observatory has always 
been kept in view yet the progiess of science has 
caused many researches to be undertaken which 
overstep its boundaries Thus in the present transit 
100m, beside the successive transit instiuments we 
find upon the wall two long thin tubes labelled 
respectively Alpha Aquila. and Alpha Cygm 
These weie two telescopes set up by Pond foi a 
special puipose Dr Bnnkley, Royal Astionomer 
foi Ireland, had announced that he had found that 
several stais shifted their appaient place in the sky 
in the couise of a year, due to the change in the 
position of the earth fiom which we view them, by an 
amount which would show that they were only about 
six to nine billions of miles distant from us , 01 in 
other woids, they showed a paiallax of fiom two to 
thiee seconds of ire Pond was not able to confiim 
these pai allaxes from his obsei vations, and to decide 
the point he set up these two telescopes, the Alpha 
Aquilae telescope being ngidly fixed on the west side 
of the piti of Iroughton’s mural cncles , the Alphi 

3<U 
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Cygm telescope on anothet pier the one which now 
forms the base of the pier of the astrogiaphic tele 
scope Pond s method was to compare the position 
of these two stars with that of a star almost exactly 
the same distance from the pole, but at a great 
distance fiom it in time of crossing the meridian , in 
other words, of almost the same declination, but 
widely diffeient right ascension The lesult proved 
that Brinkley was wrong and vindicated the delicacy 
and accuracy of Pond’s obseivations 

These two telescopes, therefore, had their day and 
ceased to be Others have followed them An 
ingenious telescope was set up by Sn George Airy in 
order to ascertain if the speed of light were different 
when passing through water than when passing 
through air Or, in other words, if the abenation 
of light would give the same value as at piesent if 
we observed through watei The water telescope, as 
it was called, is kept on the giound floor of the 
central octagon of the new obseivatory The obser- 
vations obtained with it were haidly quite satisfac 
toiy, but gave on the whole a negative result 

Turning back to the transit room, and leaving it 
by the south west door, we come into the little 
passage which leads at the back of Bradley s transit 
room into the lower computing room Just inside 
this passage, on the left hand side, there is a little 
room of a most curious shape, the reflex zenith 
room Here is fixed a telescope pointing straight 
upwards, the eye-piece being fixed by the side of the 
object glass The light from a star— the star Gamma 
Dracoms — which passes exactly ovei the zenith of 
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Greenwich, enters the object glass passes downwards 
to a basin of mercury and is leflected upwards from 
the surface of the meicury to a little prism placed 
over the centre of the object glass fiom which it is 
reflected again into the eye piece By means of this 
telescope the distance of the star Gamma Draconis 
from the zenith could be measured very exactly and 
consequently, the changes in the apparent position 
of the star due to abenation parallax, and other 
causes could be very exactly followed, and the cor 
rections to be applied on account of these causes 
precisely determined 

This particular telescope was devised by Airy, and 
the observations with it were continued to the end of 
his leign The germ of the idea may be traced back, 
how ever, to the time of Flamsteed, who would seem 
to have occasionally observed Gamma Diaconis from 
the bottom of a deep well , the piecise position of the 
well is not, howevci, now known Later, Bradley set 
up his celebrated 12 } foot zenith sector, still pie 
seived in the transit room, fust at Wanstead and 
then at Gicenwich, for the detei nutrition of the 
amount of aberration Latci, a zenith tube by 
Troughton, of 25 feet focus, was used by Fond in 
conjunction with the muial circle foi obseivations of 
Gamma Draconis in order to dctcimine the zenith 
point of the latter instiument 

These telescopes for special purposes have passed 
out of use Obseivations with the spectroscope have 
been suspended foi some years The woik of the 
Astrogiaphic Department will come to an end, in the 
oidinaiy couise of events, when the programme 
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assigned to Greenwich in the Intel national Scheme 
is completed 

Within the last few yeais a new department 
has come into being at Greenwich — a department 
which has been steadily worked at many foreign 
public observatories, but only recently here 

This is the Depaitment of Double Star Obseiva 
tion The first double stai, Zeta Ursae Majoris, was 
discovered 250 years ago Bradley discovered two 
exceedingly famous double stars whilst still a young 
man observing with his uncle at Wanstead — Gamma 
Vnginis and Castor Bradley made also other dis 
coveries of double stars after his appointment to 
Greenwich, and Maskelyne succeeded him in the 
same line, but the great foundation of double star 
astionomy was laid by Sir William Herschel 

At first it was supposed that double stais were 
double only in appearance , one star comparatively 
near us ‘happened’ to lie in almost exactly the 
same dnection as another star much fuither off It 
was, indeed, m the very expectation that this would 
prove to be the case, that the elder Herschel first 
took up then study But he was soon convinced 
that many of the objects were true double stars — 
members of the same system of which the smaller 
revolved round the larger — not merely apparently 
double, one star appealing by chance to be close to 
another with which it had no connection — but real 
double stars The discovery of these has led to the 
establishment of a new department of astionomy, 
again scientific rather than utilitarian 

As mentioned above, it is only recently that 
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Greenwich has taken any appieciable pait m this 
work Under Any, the largest equatorial of the 
time had been furnished with a good micrometer, 
and obseivations of one or two double stars been 
made nowand again , but Airys piogramme of work 
was fat too ligid and kept the staff too closely 
engaged for such obseivations to be anything but 
extremely lare And, indeed, when the miciometeis 
of the equatonals weie bi ought into use, they were 
far moie geneinlly devoted to the satellites of Saturn 
than to the companions of stais In the main, double 
star astronomy has been in the hands of amateuis, at 
least in England But the discovery m recent years 
of many pans so close that a telescope of the largest 
swe is lequned foi then successful obseivation, has 
put an important section of double stais beyond the 
icach of most private obseivcrs and theiefore the 
great telescope at Greenwich is now mainly devoted 
to their study The Astionomei Royal therefore, 
soon aftei the completion of the great equatorial of 
28 inches aperture placed in the south east dome, 
added this woik to the Obscivatoiy progiammc 
The 28 inch equatorial is a lemaikablc looking 
instiument, its mounting being of an cntuely different 
kind to that of the othei equatonals in the Obser 
vatoiy, with the solitary exception of the Shuckbuigh, 
which is set up in a little dome ovei the chrono 
giaph 100m The Shuckbuigh was piesentcd to the 
Obscivatoiy in the yeai 1811, by Su G Shuckbuigh 
It was first intended to be mounted as an altazimuth, 
but piovcd to be unstcidy in that position, and was 
then converted into an equatorial without clockwoik 
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and mounted m its piesent position The position is 
about as hopelessly bad a one as a telescope could well 
have, completely overshadowed as it is by the trees 
and buildings close at hand The dome is a small 
one, and the arrangements for the shutters and for 
turning the dome are as bad as they could possibly be 
It has practically been useless for the last forty years 

Its only interest is that the method of mount- 
ing employed is a small scale model of that of the 
great telescope in the S E dome In the German 
or Fraunhofer form of mounting for an equatorial 
there is but a single pillar, which carries a compaia- 
tively short polar axis At the upper end of the 
polar axis we find the declination axis, and at one 
end of the decimation axis is the telescope, whilst at 
the other end is a heavy weight to counterpoise it 
The German mounting has the advantage that the 
telescope can easily point to the pole of the heavens , 
its drawbacks are that, except in certain special forms, 
the telescope cannot travel very far when it is on the 
same side of the meridian as the star to which it is 
pointed, the end of the telescope coming into contact 
under such circumstances with the central pier, whilst 
the introduction of mere deadweight as the necessary 
counterpoise, is not economical It has been already 
pointed out that the present Astronomer Royal has 
not only considerably modified the German mounting 
m the great collection of telescopes in the Thompson 
dome, but has used a powerful reflector as a counter 
poise to the sheaf of refractors at the other end of 
the declination axis 

The English equatorial requires two piers 
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Between these two pieis is a long polai axis Both 
in the little Shuckburgh and in the great 28 inch 
equatorial the frame of the polar axis consists of six 
parallel rods disposed in two equilateral triangles, 
with their bases parallel to each other the telescope 
swinging in the space between the two bases The 
construction of this form of equatorial, therefore, is 
expensive, as it requires two piers It takes much 
more room than the German form, and the telescope 
cannot be directed piecisely to the pole Bat the in 
strument is symmetrical, there is no deadweight, and 
the telescope can follow a star from using to setting 
without having to be reversed on crossing the meridian 
The great stability of the English form of mount 
ing, theiefore, commended it veiy highly to Airy, and 
he designed the great Northumberland equatorial of 
the Cambridge Observatory on that plan, as well as 
one for the Liverpool Observatoiy at Bidston, and m 
1858 the S E equatorial at Gieenwich 

The telescope at fiist mounted upon it had an 
object glass of 12 £ inches’ aperture, and 18 feet focal 
length That was dismounted in 1891, and is now 
used as the guiding telescope of the Thompson 26 inch 
photographic refractoi Its place was taken by an 
immensely heavier instrument the present refractor 
of 28 inches’ apcrtuie, and 28 feet focal length , and 
that this change was effected safely was an eloquent 
testimony to the solidity of the original mounting 
The clock that dnvcs this gieat mstiument, so 
that it can follow a stai 01 other celestial object m 
its apparent daily motion acioss the sky, is in the 
basement of the S L towei It is a very simple 
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looking instillment, a conical pendulum m a glass 
case The pendulum makes a complete revolution 
once m two seconds Below it in a closed case is a 
watei turbine A cistern on the roof of the staircase 
supplies this turbine with water having a fall of about 
thirty feet The water rushing out of the aims of the 
turbine forces it backward, and the tuibine spins 
rapidly round, dnvmg a spindle which luns up into 
the dome, and gears through one or two intermediate 
wheels with the great circle of the telescope , the 
extremely rapid lotation of the spindle, foui times 
in a second, being converted by these intermediate 
wheels into the exceedingly slow one of once in 
twenty foui hours Just above the centie of motion 
of the turbine is a set of three small wheels all of 
exactly the same size, and of the same number of 
teeth Of these the bottom wheel is honzontal, and 
is turned by the turbine The top wheel is also 
horizontal and is turned by the pendulum The 
third wheel gears into both these, and is vertical If 
the top and bottom wheels are moving exactly at the 
same late, the intermediate wheel simply turns on its 
axis, but does not travel , but if the turbine and 
pendulum are moving at different rates, then the 
vertical wheel is forced to run in one dnection or 
the other, and, doing so, it opens or closes a throttle 
valve which conti ols the supply of watei to the 
tuibine, and so speedily bungs the tuibme into 
accord with tne pendulum The control of the 
motion of the great telescope is therefore almost as 
perfect as that of the astrographic and Thompson 
equatonals, though the principle employed is very 
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diffeient And the contiol needs to be perfect, for, 
as said above the gieat telescope is mostly devoted 
to the observation of double stars and there can be 
no gi eater hindrance to this woik than a telescope 
which does not move accurately with the star 

There is a sti iking conti ast between the great 
telescope and all the massive machineiy foi its 
dnection and movement and the objects on which 
it is duected — two little points of light sepaiated by 
a delicate han of darkness 

The observation is veiy unlike those of which we 
have hitheito spoken The object is not to asceitain 
the actual position in the sky of the two stais, but 
then relative position to each othei A spiders 
thiead of the finest strands is moved fiom one star 
to the othei by turning an exquisitely fine sciew , 
this enables us to mcasuic their distance apait 
Anothci spider thiead at light angles to the first is 
laid through the centies of both stars and a divided 
circle emblcs us to lead the angle which this line 
make 5 to the true east and west dnection Such 
observations lepcatcd ycai aftci ycai on many stais 
have enabled the 01 bits of not a few to be laid down 
with lcmarkable precision , and we find that then 
movements aic completely consistent with the law of 
gravitation hurthci, just as Neptune was pie lccog- 
m/cd and discovered from noting the mcgul uities in 
the motion of Uianus, so the discordances in the place 
of Sinus led to the belief that it was attracted by a 
then unseen companion, whose position with lespect to 
the bnghtei stai was predicted and aftet wards seen 
Gi ivitation thus appeals, indeed, to be the Bond 
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have motions of their own Of these motions, a great 
part consists of a drift away fiom one portion of the 
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heavens towards a point diametrically opposite to it, 
a drift such as must be due, not to a true motion of 
the individual stais, but to a motion through space 
of oui sun and its attendant system The elder 
Heischel was the first to discover this mysterious 
solar motion Sir Geoige Airy and Mr Edwin 
Dunkin, for forty six years a member of the Green 
wich staff, and from 1881-1884 the Chief Assistant, 
contnbuted important determinations of its direction 
What is the cause of this motion, what is the law 
of this motion, is at present beyond our power to 
find out Many years ago a German astronomer 
made the random suggestion that possibly we were 
1 evolving in an orbit round the Pleiades as a centre 
The suggestion was entirely baseless, but unfoitu- 
nately has found its way into many populai works 
and still sometimes is brought foiward as if it weie 
one of the established truths of astionomy Wc can 
at piesent only say that this solar motion is a mystery 
There is a greater mystery still The stais have 
then own individual motions and in the case of a 
few these are of the most amazing swiftness The 
earth in its motion round the sun travels nearly 
nineteen miles in a second, say one thousand times 
faster than the quickest rush of an express tram 
The sun’s rate of motion is probably not quite so 
swift, but Arctuius, a sun far larger than our own, 
has a pace some twenty times as swift as the orbital 
motion of the eaith This is not a motion that we 
can conceive of as being brought about by gravita 
tion, foi if there were some unseen body so vast as 
to draw Aictuius with this swiftness, othei stars too 
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would be hurtling across the sky as quickly Such 
‘runaway stai s’ afford a problem to which we have 
as yet no key, and like Job of old we are speechless 
when the question comes to us from heaven ‘ Canst 
thou guide Arctuius and his sons? 

It will be seen then that, fundamentally, Green 
wich Observatory was founded and has been main 
tamed for distinctly practical purposes, chiefly for 
the improvement of the eminently practical science 
of navigation Other mquines relating to naviga 
tion as for instance terrestrial magnetism and 
meteorology have been added since The pursuit 
of these objects has of necessity meant that the 
Observatory was equipped with powerful and ac- 
curate instruments and the possession of these again 
has led to their use in fields which lay outside 
the domain of the purely utilitarian fields from 
which the only harvest that could be reaped was that 
of the increase of our knowledge So we have been 
led step by step from the mere desire to help the 
manner to find his way across the trackless ocean to 
the establishment of the secret law which rules the 
movements of eveiy body of the universe, till at 
length we stand face to face with the mysteries 
of vast systems m the making with the intimate 
structure of the stellar universe, with the apparently 
aimless causeless wanderings of vast suns in lightning 
flight , with problems that we cannot solve nor hope 
to solve yet cannot cease from attempting, problems 
to which the only answer we can give is the con- 
fession of the magicians of Egypt — ‘This is the 
finger of God 1 
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